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(INTRODUCTORY NOTE.) 


This report is for the special use of members of the General 
Assembly. It is made by binding together the bulletins of the 
Experiment Station that have been issued during the last two 
years asa result of investigations under state appropriations. 
Aside from this there remains a large amount of unpublished 
matter,—some of it awaiting further investigations, and much 
of it requiring simply to be prepared for press. 

Investigations under these various funds have been more 
prolific of important results than the most sanguine friends of 
agriculture could have hoped, and in many respects the agricul- 
ture of the state is being profoundly altered and permanently 
improved as a result. 


BULLETINS IN PRESS. 


No. 98. ‘‘The Curculio of the Plum and the Apple.” By 
Professor C. 8. Crandall. A bulletin of eighty pages, three col- 
- ored plates and many half tones. Giving result of two years 
investigation in damage from plum andapple curculio, together 
with recommendations for treatment. 

No. 99. ‘‘Soil Treatment of Lower Illinois Glaciation.” By 
(©. G. Hopkins. Treatment of the general character and pecu- 
liarities of the southern Illinois soils from the black prairie 
lands to the Ozark ridge. 

‘Hight Generations of Corn Breeding.’’ By L. H. Smith. 
Giving the full history of change in composition of Indian corn 
by selection, as a result of eight years of work, with records 
covering the entire experiment. 

The following bulletins are in preparation and will shortly 
be published: 

“Hiffect of Detasseling in Corn Breeding,” Dr. C. G. Hopkins. 

‘‘A Comparison of the Methods of Feeding Corn and Clover 
for fattening Steers.” By Professor H. W. Mumford. 

‘Dust Versus Liquid Spraying.” Professor J. C. Blair and 
Professor C. 8S. Crandall. 

“Bitter Rot.” (Botanical Investigations.) Dr. T. J. Burrill. 

‘“‘Bitter Rot.” (Horticultural Investigations.) Professor 
J. C. Blair. | 

‘‘Cold Storage of Apples.” Professor J. C. Blair. 

“Picking, Packing, and Marketing of Apples.’’ Professor 
J. C. Blair and Professor C. 8. Crandall. 

“Spraying for the Codling Moth.” Professor J. W. Lloyd. 
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RECORDS OF INDIVIDUAL COWS ON 
DAIRY FARMS. 


By ARTHUR J. GLOVER, B. AGR., CHIEF ASSISTANT IN DaIRY HUSBANDRY, 
AGRICULTURAL EXPERIMENT STATION. 


SUMMARY. 


Hight herds are reported in this bulletin, containing 144 cows that 
have completed a year’s work. ‘The eight dairies had 176 cows at the 
beginning of the test, but 32 of them were sold before the end of the 
year. 

Some of the herds returned their owners a good profit, others a small 
profit, and one herd was kept at a loss. Six herds out of the eight 
contained cows that did not pay for the feed they consumed. 

In estimating the profit or loss on a cow it was counted that the calf 
paid for her keep while dry and the skim milk paid for labor. 

The cow that yielded the most product gave 8,949 pounds of milk, 
and made 472 pounds of butter. The poorest cow produced 1,482 
pounds of milk, 68 pounds of butter, and the average production for all 
the herds, except Gurler’s (D), was 4,721 pounds of milk, 3.67 percent 
fat, 173 pounds of butter fat, and 202 pounds of butter. 
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It would not give the average production of the ordinary cows in 
Illinois if Gurler’s herd were included, for he has been applying the 
scales and test for a number of years, hence his improved dairy. It 
should also be considered that the men who took up this work had been 
interested in improving their dairies, and undoubtedly have better 
cows than the average. 

The most profitable cow gave a net profit of $57.22 and the poorest 
cow was kept at an actual loss of $17.83. The average net profit was 
$9.96 per cow. 

The above facts show clearly that the average production of the 
Illinois dairy cow can be doubled and the profit increased fourfold. 

This can be done with little expense to the farmer. It will require 
better care and better feed for his stock, and the application of the 
scales and the Babcock test so that he can select and breed his animals 
more intelligently. 

The results in this bulletin indicate that good care and good feed with 
judicious selection are the prime factors necessary for profitable milk 
and butter production. 

For over a year the Department of Dairy Husbandry of the Univer- 
sity of Illinois has been conducting field work among the dairymen 
of the state. A number of them were persuaded to weigh and sample 
each mess of milk a sufficient number of times during the year so that 
the performance of each cow could be estimated with a considerable 
degree of accuracy. It has been demonstrated by a number of our 
experiment stations that many cows are kept in the dairy at a very 
small profit and some at an actual loss. In order to determine the 
facts and to lead the dairymen to realize their full force and meaning 
a man was sent into the field to persuade a number of them to keep 
a record of every cow in their herds. While this bulletin gives no facts 
new to science, yet it presents a line of work on which we have but 
little data and it brings the farmers face to face with facts that exist 
upon their own farms. It shows them that some herds are kept at a 
good profit, some at a small profit, and others at an actual loss. 


How THE Farm Test was MADE. 


The farmers who took up this work were required to weigh and 
sample the milk from each cow in the herd every seventh week for four- 
teen consecutive milkings. After each cow was milked the milk was 
poured into a weighing pail, weighed, and the weight recorded on a 
milk sheet directly under the cow’s name. A small sample of milk 
was then taken with a sample dipper or a milk thief and put into the 
sample bottles. Corrosive sublimate tablets were used to preserve 
the samples of milk. Instructions were given to each man to shake the 
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composite samples each day so as to mix the fresh samples with the 
rest of the milk and keep the cream from becoming dry or hard on the 
sides of the bottle. The jars that were used for keeping the composite 
samples were one pint, tin top, covered bottles. When the period of 
weighing and sampling was completed the samples were tested either 
on the farm or at the creamery. 


APPARATUS. 


The things necessary for carrying on the work were: A _ spring 
scale for weighing the milk; a small dipper or milk thief for taking the 
samples; bottles for holding the composite samples; corrosive sublimate 
for preserving them; and milk sheets. All these were furnished by the 
Experiment Station. Each cow was given a name or number which 
was placed at the top of the milk sheet so that the weights of milk could 
be put directly under her name or number. Cut No. 1 shows all the 
necessary apparatus for carrying on-the work, and Table I is a sample 
of a farmer’s milk record. 


TABLE I.—SamMpLe oF FARMER’S MILK RECORD FOR ONE WEEK, FROM JULY 30, 
Pp. M., TO AuGcustT 6, A. M. 


MiLtK—Powunps. 


Do Ww Pas 2 o ov 5 a a 
Peeeeo Aoi 8s] Se a EE) S| Sel 2) PS 
eoe| ne | M4} AZ] = |oon}| 5 1/4 |g = 
Geet ettel 11.38 L150.) 15.4,)-10:9 | 6.9.) 7.4) 7.5 | 5.5.|.15.1 
Pee ie ba *6+8) 6.5 | 10.21 19-2 }8.3°15.2-| 3.9} 5.1 |°3.9 | 10.3 
Bee es eto Sati At bs0 1217-0.) 11.0 |.6.7 1.7.9 |-7:7- 15:2 | 15.8 
gets 2 52 | 82] 10.7 | 14.2) 8.5/5.2) 4.9 | 4.61 3.9 | 10.9 
e203 1567 | 60°13. 77)°16 8°) 10.7) 6:8 | 6.5 | 7:3 14.9 | 15.7 
mer LOy (ej? 0) 952-119 15.6 b.9.5°) 651/521 | 6.14. 4.6) 12,2 
P85) 15.5 | 4.7 | 14.1 116.7 | 9.6.7.0 16.0 | 6.6 | 5.0 | 14.5 
B16 07.8 | 7-8) 11.2") 14.4807) 5.0 1.4.9 | 6.2. | 3.9 | 14.7 
9 | 22.0 | 14.5 | 13.5 | 16.4 | 18.5 | 10.7 | 6.9 | 7.2 | 6.9 | 5.3 | 15.8 
10 | 14.0} 9.5| 6.9 | 10.5|15.0| 8.3] 4.8] 4.6 | 5.3 | 3.6 | 11.4 
Be 190 | 9.8) 40 12.914417.5 11.0) 6.7 16. 1)-7.0'| 5.2 | 14.9 
12 | 14.5 | 18.0] 6.8] 11.5) 14.5] 8.1] 4.4] 4.6 | 5.8 | 3.9 | 11.3 
fo 22.6 } 13.2 | 6,7 | 16:1 | 18.4) 11:6 | 8.6 | 7.4 | 7.3) 7.8 | 16.1 
Peete As) 7.1) 828) 19314-7511 8.6 14.3.175.2) 5.9 4.2.) 19.7 
Total..|250.3 |156.0 |111.6 |180.5 |221.4 |185.5 83.6 /81.7 |89.3 [66.9 |190.4 
Fat,%| 3.2| 2.8| 3.2| 3.5) 3.2| 3.4] 46] 4.0) 4.6/4.4) 3.0 
Fat,lb.| 8.00 | 4.36 | 3.57 | 6.31 | 7.08 | 4.60 3.84 [3.26 [4.10 |2.94 | 5.71 


ARRANGING APPARATUS. 


A considerable amount of time can be saved by arranging scales, 
sample bottles, and milk sheet in such a way that. the weighing, record- 
ing the weight, and sampling the milk can be done with as few steps 
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Cutl. ScaLte For WEIGHING MILK. ReEcorRD SHEET AND COMPOSITE SAMPLES. 


and motions as possible. After the most desirable place in the barn 
has been chosen for weighing and sampling, the scales can be suspended 
from the ceiling so as to hang near the milk sheet which can be tacked 
to a board and hung on the wall, or fixed on an inclined shelf projecting 
from the wall. After the milk from each cow is weighed, a sample 
should be taken and placed in the jar bearing the cow’s name or number, 
The sample bottles can be arranged on either side of the milk sheet, or 
if convenient, above it. If there are two or more milkers, the sample 
bottles can be arranged so that each milker will have his bottles together 
and arranged in the same order in which the cows are milked. This 
method saves time in finding the right sample bottle. 


TimE CONSUMED IN WEIGHING AND SAMPLING. 


The length of time required to weigh and sample the milk depends 
entirely upon the quickness of the man who is doing it. Some men 
will say that it takes but little time to weigh and sample each cow’s 
milk, while others complain of the length of time necessary to do the work. 
It will take, on an average, about one minute to each cow, or two minutes 
aday. This indieates, for the seven weeks that it is done during the year, 
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about one hour and thirty-eight minutes for each cow tested. With 
this amount of time expended, the farmer can have a complete record 
of every cow in his herd. From this, with a knowledge of what he is 
feeding, he will know at the end of the year whether she has been a 
source of profit or loss to him; and furthermore, he will know from which 
cows to select heifers for his dairy. Considering the time that is con- 
sumed in doing this work, it seems strange that more dairymen do not 
have their herds tested. Many of them can weigh and sample each 
cow’s milk every seventh week, and then have the buttermaker test the 
samples for them at the creamery. With the percent of fat and the 
weights of milk they can estimate for themselves the performance of 
every cow in their herds. The importance of doing this work will be 
shown further on in this bulletin. 


CALCULATING THE AMOUNT OF MILK AND BuTtTER Fart. 


The milk was weighed and sampled during the fourth week of the 
seven-week periods. From the total amount of milk that each cow gave 
during this time, and the percent of fat, was calculated the amount 
of butter fat produced in the week. From these results were estimated 
the amount of milk and butter fat each cow produced during the three 
weeks before, and the three weeks following the test. The cow’s yearly 
record was made up from these tests, and in this way the total amount 
of milk and butter fat that she produced during the entire year was 
determined. It may be objected to that this method did not secure 
results absolutely correct. On this it may be said that the chief object 
was to secure data from which cows could be compared with each other 
and that this object was fully attained even though the totals may 
have been either slightly too large or too small. Check methods show 
however, that the data are very close to the actual amounts produced. 
In many cases the dairymen also kept an approximate account of the 
grain and roughage that each cow consumed during the year. Where 
this was done the records are of exceptionally high value, for they clearly 
show the profit or loss of every cow kept in the dairy. 


e 


THe DIFFERENT METHODS THAT MAY BE USED IN WEIGHING AND SAM- 
PLING. 


There are several ways that records from each cow in the dairy can 
be obtained. The method used in obtaining the records given in this 
bulletin was as follows: The farmer, every seventh week, weighed 
and sampled each cow’s milk for fourteen consecutive milkings. ‘The 
amounts of milk yielded each day were added and from the percent of 
butter fat which the milk contained, was determined the amount of 
butter fat each cow produced during the week. From these results 
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were estimated the amount of milk and butter fat each cow produced 
the three weeks before and the three weeks following the test. 

The Dairy Department of the Wisconsin Experiment Station had 
its patrons weigh and sample one day each week for the whole year. 
From the different weights and tests the amount of milk and butter 
fat that each cow produced in the entire year was estimated. 

The testing of the milk each week is too much for the average farmer 
to do, but taking composite samples of milk of several milkings gives a 
very good average of the per cent of fat contained in the milk, and can 
be done by any oneif he chooses. Fairly accurate results can be obtained 
by weighing and sampling the milk every thirteenth week and calculating 
the results the same way as when the weighing and sampling were done 
every seventh week. The method of weighing and sampling each cow’s 
milk every seventh week for several consecutive milkings, or three and 
one-half days, gives very good results. The results can be multiplied 
by two which would equal the amount of milk and butter fat produced 
for one week, then estimated the same as if the weighing and sampling 
were done the entire week. The composite samples that are but three 
and one-half days old, are in better condition for testing than samples 
that are a week old. The farmers will take more pains with the work if 
it does not become tedious to them. 

The accuracy of records obtained by weighing and sampling each 
cow’s milk at regular times during the year is often doubted. As a 
check a comparison was made between the amount of milk and butter fat 
sold from two farms to a creamery and the amount of milk and butter 
fat as determined from weighing and sampling each cow’s milk every 
seventh week for fourteen consecutive milkings during the year. In one 
case there was found a difference of 2:2 percent of butter fat, and .0015 
percent in milk, making a difference of 4.67 pounds of butter fat and 
8.09 pounds of milk per cow; in the other case a difference of .038 per- 
cent fat, and 1.98 percent in milk, or .27 pounds of butter fat and 120.3 
pounds of milk per cow. From these results it is seen that by carefully 
weighing and sampling each cow’s milk every seventh week during her 
period of lactation records can be secured which are substantially cor- 
rect. 

OBJECT OF THE WORK. 

There is no better way of finding out the merits of a dairy animal 
when giving milk than to use the scales and the Babcock test. With 
the weights of milk produced, the percent of butter fat and the length 
of her milking season, together with the feed consumed, the value of a 
cow for the dairy can be determined. The object. of getting dairymen 
to do this work is to determine which of the individual cows in their 
herds are the most profitable, so that the owners may cull out the poor 
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cows and keep the profitable ones; to show them the importance of better 
feeding and caring for their stock; and the importance of selecting better 
sires for their herds. A dairy animal should be sclected for the amount 
of milk and butter fat which she yields during the year rather than on 
points of fancy or form. It is a reasonably safe rule in selecting dairy 
cows to go upon the results obtained from the scales and the Babcock 
test. If she is a good breeder, that also should be taken into considera- 
tion. If the performance of each cow in the herd is known, the heifers 
can be selected from the best cows and when these heifers become fresh 
the test should be applied to them and the inferior ones culled out. 
This can only be done when we have an intelligent understanding of each 
cow and her capability of producing milk and butter fat. 


ELEMENTS OF DANGER IN THE USE OF SCALES AND Bascock TEsT. 


While the scales and Babcock test can be of great service in the selec- 
tion of our dairy animals, they must, however, be used with judgment. 
Dairy cows have their “ off years,” and this must be considered when the 
herd is being culled. If we do not bear this fact in mind, we are apt 
to sell some of the best cows from our herds. The writer has in mind 
the cow Sweet Briar, of the Minnesota Experiment Station, that pro- 
duced |.for ten years an average of 358.07 pounds of butter a year, while 
in 1898 she produced only 206.62 pounds of butter, but in 1899 she 
made 306.53 pounds, and in 1901 370.53 pounds. If the merits of 
Sweet Briar had been wholly based on the work she did in 1898 she 
would have been classed as a very ordinary cow, and perhaps sold. 
The great value of scales and Babcock test lies in their continued use 
in the dairy herd and not in one year’s test. Good heifers usually come 
from the best dairy cows, but it sometimes happens that a. promising 
heifer may do very poorly the first year. In such cases the heifer’s 
individuality together with her breeding should be considered before 
she is sold. The testing of cows should, however, be carried on in every 
dairy if a systematic selection is to be made. 

A good cow seldom has two “ off years” in succession. 


THE VARIATION IN FLow AND PERCENT OF FAT IN MILK. 


It has often been asked why it is necessary to weigh and sample each 
milking for a week. By weighing and testing each milking separately 
we usually find considerable variation in milk yield and fat content. 
The following tables show to what extent a cow will vary in quantity 
of milk and percent of fat from one milking to another. These tables 
are taken from records of cows that were tested for the Holstein-Friesian 
Advanced Registry. 


[J une, : 
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TABLE 2.—SHOWING THE YIELD OF MILK AND PERCENT ButTrerR Fat or Eacu 


MILKING FOR ONE WEEK. 


ECHO BETTINA HERBERT’S RECORD. 


: . Total Total 

March 10° Morning 42. ee 12.3 4.60 .5658 

INGON Fi vee tal orate 1: 9.0 3.80 . 3420 

Hivenine. ci ee 10.1 3.30 ;3000 4) OL, 45a eae 
March? 11, Morning 442526. 1 14.2 .| 3.10 .4402 

NoOn ses eai acts oe 10.0 3.20 .38200 

Fiveninge: <5 6. tae oe LISG 3.00 .3300 | 35.2 1.0902 
March ©L2) Morning sete ee 15.6 3.70 .5772 

N00D77 Ge dae eee 11.0 4.20 .4620 

Hivening 5-2 aa eee 10.9 3.80 4142 | 38.5 1.4532 
Marchot3) -Morniings tai. ees LAe6 3.30 .5808 

(NOON ait eee eee 12.2 4.05 .4941 

TCVeENINe era ee bere 12.0 3.30 .38960 | 41.8 | 1.4709 
March: 14; "-Morning’= 207)aj% 2 16.5 3.10 .5115 

Noon rs ae 12.2 3.70 .4514 

Evening 37, Pe L137 3.35 .39195| 40.4 1.35485 
Marchal5, > Morning ge.) 6 ce see 18.0 3.50 .6300 

NOOncs cae ean wee 12.6 4.20 .§292 

Evening. eee 12.3 4.10 .5043 | 42.9 1.6635 
March 16, Morning .....:...... 17.2 3.50 .6020 

NOON Ve cueceecs. 13.0 4.20 .5460 

Evening; 1) too pee 12.8 3.60 .4608 | 43.0 | 1.6088 

MAID CLOVERDALE’S RECORD. 

Septr: 2a, MOrming. 25 ore. ee 1552 2.80 .506 

Noomaniivhe sae eis 11.5 14, 3.00 .345 

HiVGNIn Gi ecr aces s 15.7 3.00 471 45.3 1.322 
ments, 24. Morninge, 5 sae sae 18.4 4.20 772 

Noon aisia® nek eres 13.0 3.10 .403 

EUVOnIng 7a teo a: a eiaege 15.6 2.60 405 47.0 1.580 
Depbe 20, MOTNIN ig: ease weir 16.7 2.00 334 

IN OUT ee Ce erat 16.4 3.30 O41 

Evening see 13.4 2.80 .3875 46.5 | 1.250 
Sent. wi2h,) MOrning =: «..0. eee 17.3 2.60 .449 

Noon ea Chbe at hacks 18.0 4.50 .810 7 

Evenings haa ane LAr 2.40 285 47.2 1.544 
pepo 27.) MOINES ee 20.4 2.70 .550 

Noon Re ogee ee 14.5 2.90 .420 

ESVening ce ie Xa Pa 15.2 2.80 .425 50.1 1.395 
ment. (25,0 Morninger:, Oh 18.5 3.80 . 703 

IN OO TRA F gee i acts 14.5 2.80 .406 

FUVONIN 9 oe eee ie 14.5 2.30 .333 47.5 1.442 
Sept: 1-207" Morming < aise 3 20.9 3.20 .668 

NOUN eis Stenson 14.3 2.40 343 

Evening .; 72 ere 15.9 3.00 A477 51.1 1.488 


The above table readily shows the importance of weighing and 
sampling the milk for more than one milking, if the average test of the 
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cow is to be obtained. Maid of Cloverdale, for example, tested on the 
morning of September 25, two percent, and at noon, September 26, 
4.50 percent. Had either been taken as her actual test it would have 
been very misleading, for her average test for that particular week was 
2.99 percent. 


THE BASIS UPON WHICH THE PROFIT oR LOSS OF THE Cow IS 
COMPUTED. 


It is very difficult to express the true value of the dairy cow in dollars 
and cents. But since the profit or loss of most of the cows tested has 
been given, it is perhaps well to state the basis upon which the profit 
or loss was calculated. The value of the product that the cow yielded 
was based upon the amount of butter fat that she made, and the market 
price of butter fat at the time. 

The value of the skim milk, the value of the calf, and the value of the 
manure produced by the cow were not credited to her, while on the 
other hand the cow was not debited with the amount of labor expended 
in her care nor the amount of feed she consumed when dry. The cow 
was simply credited with the amount of butter fat she produced, and 
charged for feed consumed when she was giving milk. The calf will 
usually pay for the cow’s board when dry and the skim milk for the 
labor it takes to care for her. This method of calculation is, perhaps, 
a little unjust to some cows, for it is possible to have two cows yield the 
same amount of butter fat and one give a profit and the other a loss. If, 
for example, one milks ten months and the other but six months in the 
year to yield equal amounts of butter fat, which sometimes happens, 
one cow is charged with ten month’s feed and the other with only six 
month’s. 

Red Bird in herd “B” and Duchess in herd “C” are examples 
of this kind. Red Bird milked ten months and charged $1.28 cents 
for her board, and Duchess milked six months and gave a profit of 
$9.16, and each yielded the same amount of butter fat. 

The rations for the cows were not weighed each day. A number 
of dishes of meal was weighed in order to get the average amount of feed 
that the measure held and the number of dishes that each cow received 
a day was recorded. Cut and shreded corn stover and ensilage were 
estimated in the same manner. The hay was also weighed at different 
times. 

Report oF Herp “A.” 

Herd “A” was composed of natives, grade Shorthorns, grade Jer- 
seys, and grade Holsteins. The average weight of each cow was 1,000 
pounds. The herd was not bred for dairy purposes. Moreover, they 
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Cur 2. Cow No.6, Herp A, Gave IN ONE YEAR 1,838 LB. MILK; 
AvERAGE Test, 4.43%; 95 LB. BuTrer. 


neither showed dairy form nor capabilities of giving large flows of milk, 
nor producing large amounts of butter fat. Nearly every cow showed 
some signs of disorder. They were not in a thrifty condition. A num- 
ber of them aborted during the year, while others failed to get with 
calf and were sold. Some of them were disposed of so early in the test 
that their records are not calculated with'the rest of the herd. 

There were ten cows kept in this herd whose milk was not weighed 
or tested. It is unfortunate that the owner could not see the importance 
of weighing and testing each one of these cows, but the average amount 
of milk and butter fat that each of the untested cows produced for the 
year will be given, for a record of the amount of milk and butter fat 
that was sold from all the cows was kept. 

The herd did not yield the amount of milk and butter fat that it 
should for the amount of grain consumed. While the owner did not 
keep an accurate enough account of the grain and roughage each cow 
ate to be reported upon, he fed a ration to his cows that was largely 
made up of corn and other foods rich in carbohydrates and containing 
a small per cent of protein. The cows received a small allowance of 
bran with the corn meal from October 1 to January 1. During the 
months of January and February, to the cows giving the largest flows 
of milk, was given the following: 
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Ration 1. 
Dry Pro-  |Carbohy- 
Food stuffs. Lb. eitiat ee Araya Fat. Cost. 
WOl ICS ee ee A 10 8.91 .790 6.670 .430 10c 
SU ET gett ha eae RINE ae Bo (snl 15 3.955 .245 3.5¢ 
Pemagtilys BAY cox. oss aos case 10 8.68 .280 4.34 .140 5c 
Tata UUriente voc nae es 24 .90 1.385 14.965 .815 18 .5¢ 


This ration was altogether too rich in carbohydrates and contained 
a very low per cent of protein. If this farmer had sold more of his 
corn and bought some mill feed he would, with less expense, have im- 
proved the ration. For example, a ton of corn meal would at this time 
have paid for more than a ton of grano-gluten. If a ration were made 
from five pounds of grano-gluten and three pounds of corn meal with 
the same amount and kind of roughage as contained in the above, 
the ration would be far better and cheaper. Such aration would contain 
the following nutrients: 


RATION 2. 
Dry Pro-  |Carbohy- 

Food stuffs. Lb. ay a ee ae tas Fat. Cost. 
Grano-lnten.. 3.3 5 6 ee 5 4.71 1.300 1.94 .620 4.5¢ 
Pare A has a ob ts eae ee 3 2.67 vediate. 2:00. .129 3c oA 
SLICE o Sele See. eee wee 35 7.31 fo. Py -35955 .245 3.5¢ 
POL ay a oo Pa aaa 10 8.68 .280 | 4.340 .140 5c 
Potabnytrients. p23 680.455 23 .38 2.16% | 12.236 1.134 16.0¢ 


A number of the cows’ udders became feverish and hard during the 
time that they were being fed so much corn. Four of them were giving 
milk from only three teats. It seems that excessive corn feeding must 
have had something to do with the general unsatisfactory condition of 
the herd, especially in the months of January and February, and per- 
haps the cause of four of them losing the use of one-quarter of their 
udders. ‘The rye and corn meal were mixed equal parts by weight, 
and about eight pounds of the mixture, together with timothy hay and 
corn silage, was the ration they received until May 1, when ground 
oats was substituted in the place of rye. The cows were turned out 
to pasture about May 25, but were given a small allowance of 
silage to July 1. From this time on to the completion of the year’s 
work they received nothing but grass. The ration which the cows 
received from March 1 to May 1 was somewhat better than the 
ration fed in January and February, but it could have been much im- 
proved with mill feed. The ration for fresh cows was about as follows; 
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Cur 3. Cow No. 10, Herp A, GAvE In ONE YEAR 3,833 LB. MILK; 
AVERAGE TEST, 3.37%; 150 Ls. Burrer. 


RATION 3. 
Dry Pro- |Carbohy- 

Food stuffs. Lb. sy oe Pee See Fat. Cost. 
RVers en eee 4 3.54 .396 2.704 .044 4.0c¢ 
Crushed corn and cob a 

MEAL oe ha cs Cao 4 3.40 .176 2.400 .116 4.0¢ 
Slave wane ost. ee ee 35 7.31 5315 42983955 .245 3.5¢ 
PEVIDOEN yp voce, ase oa if 6.08 196 3.038 098 3.5¢ 
Totalnutrients: 3205, $5 Se 20:33 1.083 | 12.097 503 15.0ce 


It will be noticed that this ration which contains but 1.083 pounds of 
protein costs nearly as much as Ration 2, which contains 2.167 pounds 
of protein. It readily shows that by exchanging some of the home- 
grown grain for mill stuff the ration could not only have been made 
better but actually cheaper. It can be said that the cows in this herd 
did a very ordinary year’s work, but considering the individuality of 
each animal in the herd, the general condition of their health, together 
with unskillful feeding, it is not at all surprising that the results are no 
better. 
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Cut 4. Cow No. 15, Herp A, GAvE In ONE YEAR 6,145 Ls. MILK; 
AVERAGE TEST, 3.63%; 260 Ls. Butrer; Net Prorit, $18.40. 


YEARLY ReEcorpD oF BEsT AND PoorEsT Cow In Herp “A,” AND AVERAGE FOR 
ENTIRE HERD. 


Milk, lb. Fat, % Fat, Ib. | Butter, lb. 


TOGA ATN Os Ld. shies te Rerss 6,145 3.63 223 260 
Poorest cow, No. 37 2... ........: 1,482 3.97 58 68 
Average record of cows tested .....| 3,970 3.55 141 164 
Average record of entire herd ..... 3,061 3.55 119 139 


It was found that the average cow must produce about 140 pounds 
of butter fat last year to pay for her board, since the average price for 
butter fat, when sold to the creameries, was twenty-two cents. Calcu- 
lating the results upon that basis, the cows that were tested yielded a 
profit of twenty-three cents. To ascertain the amount of product 
yielded by each of the untested cows in the herd for the year, it was 
necessary to subtract the amount of milk and butter fat yielded by the 
eighteen cows that were tested from the total amount of milk and butter 
fat that was sold from this dairy. In this calculation a liberal amount 
of milk was estimated for house use and for feeding of calves. 

Mote. amount of milk sold from Farm “A”... 26.6.3... 64 97,720 Ib. 
z 3 E yielded by tested cows.............. 76,060 “ 
Z ff st "9 the ten untested cows,..... 21,660 # 
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The average amount of milk yielded by each untested cow.... 2,166 Ib. 
“ total amount of butter fat sold from Farm“‘A”........ 3,004 “ 
¢ i “yielded by tested cows ......... 2; (Ole 
* is : s ten untested cows.... 803 “ 
“ average amount of butter fat yielded by each cow un- 

tested. i... See i Beacon ee eee SU 


Calculating for the whole herd, and estimating that it takes 140 
pounds of butter fat to pay for a cow’s board, there is a loss of $4.54 
a cow, or each cow should have produced 20.64 pounds more butter 
fat to have paid for her keep. 

The best cow in this herd gave a profit of $18.40, while the poorest 
was kept at an actual loss of $17.83. 


TABLE 3.—ReEcoRD or EacH Cow IN Herp “A” FoR ONE YEAR. 


Group 1.—Cows YIELDING LEss THAN 100 LB. oF BurrerR Fart. 


q 
Cy Age ; Fat Ce fy oa 
(2) ? ow 4 
P| OR iced: Date of | Milk, ” |Fat,) 8 | os 
Se 2 ee calving. | Ib. sit lb. et ae 
Seal la JOraden) Crse ya: eye ae eae 11- 8-01 | 1482*) 3.97 | 58 | 68 | 147 
6 BD vj Nativecnd, © seme ene 5-29-02 | 1838 | 4.438-| 81 95 | 210 
2h St Natty er i.e etn hie ae 2-13-02 | 2470 | 3.87 | 95 | Lilse2io 
Group 2.—Cows YIELDING LEess THAN 140 Ls. or Butrer Fart. 
1 4-\Grade Shorthorms.2o. ee 10-25-02 | 3176 | 3.45 |109| 128 | 196 
314710 4iGrade Shorthorn). 3... 1-17-02 + 3535 "| 3.18 11129) sie 
8 BPN A td Veit ns eter enege n on oe 9— 6-01.) 2740.) 4:16 1114) 13342259 
10 4 Native: aor eee ee tan ® 3- :-5—-02°| 3833: 1° 3:37-| 129°) Taps ieee 
34 | 10 |Grade Shorthorn, Abr.. ... 12— 401 | 4474 | 2,97. | 133) tebe 
46 p> TINAative: Site Ga ee 1—..8-02 | 3766 | 3.67 J 138 7). tote 
Group 3.—Cows Yretpine Less THAN 175 Ls. or Butrer Fart. 
33 | 102 (Grade: Holsteins: SS. ae 4A— 9-02 | 3550 | 3.94 |140}-163 | 210 
30 9 ‘ LU ieee ee nate rh 9-29-02 
Native egg ae Looe or | 4306 | 3.55 |153 | 178 | 299 
29 Nativey Abrisy ee tes 3-21-02 | 3916 | 4.00 | 156/| 183 | 210 
4 SS NASEVE. cake a eet aoe ane 4-13-02.) 3651: | 4.3) ) 167013 ee 
44 OVINE VG discs oe ten eR ee 11-16-01 | 5082 | 3.15 | 160) 186 | 294 
Group 4.—Cows YIELDING LEss THAN 225 LB. or Butrser Fart. 
13 4. |\Grade Holstein 2035... 2 2-25-02 | 4895 | 3.87 | 189} 221 | 290 
b2 4. |\Grade Holstein. os2hs. 4.4; 10-30-01 | 6824 | 2.80 | 191} 223 | 308 
16 9° "Grade: Holstein. y+ 4. a 1— 4—01 | 5776 | 3.33 (192) 2245000. 
15 9.4 Grade “PS. tbls wes Same 11-— 4-01 | 6145 | 3.63 | 223| 260 | 294 


* The tenth’s place in the “ milk” column and the tenth’s and hundredth’s 
places in the “butter fat” and “butter” columns have been eliminated for the con- 
venience of the reader. The average “percent fat,’’ the average production, and 
the profit or loss of the herd, however, were figured before the elimination. This 
method not only applies to herd “A,” but to all the herds tested. 
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THe Report oF Herp “B.” 


This herd was composed largely of common native and grade Hol- 
stein cows. ‘There were a number of fairly good dairy cows in the herd 
and a number of promising heifers. The cows weighed an average, 
about 1,050 pounds. The general health of the herd was good. A few 
of the cows aborted during the year and some of them had caked udders. 
A few of them were sold on this account. A number of them were dis- 
posed of so early in the test that their records are not calculated with the 
rest of the herd but are given separately. On the whole it can be said 
that the cows received good care and were fairly well fed throughout 
the year. 

The cows were fed from October 1 to November 1, some ear corn 
and stalks and pasture. During the months of November and Decem- 
ber, the cows received the following: 


RATION 4. 
Dry Pro-  |Carbohy- 
Food stuffs. Lb. een Tee tine Shae Fat. Cost. 
PeRe el ereere Pe n S  a aeees 6 5.31 .774 2.406 . 204 5.4¢e 
Rammed ot ise. ok wees 6 5.35 .474 4.002 258 6.0c 
PUSHY hota. eo ees: 8 7.04 256 3.880 .O80 4.0c 
SeOERUUELOVET ease oo 5 .{. lemre- ox 10 5.95 .170 3.240 .070 2.0c 
Mame enuUtrientheer ns as Fes on 23.65 1.674 |.13:528 “G12 17 .4c 


This ration would have been considerably better if two pounds of 
oil meal or gluten meal had been substituted for three pounds of corn 
meal and would have cost no more. 

During the months of January and February the fresh cows received 
seven pounds of bran, four pounds of corn meal, oat straw, and corn 
stover ad libitum. 

In March and April they received a ration about as follows: 


Ration 5. 
Dry Pro-  |Carbohy- 

Food stuffs. Lb. CE een og rere Ariged Fat. Cost. 
By ee oe god. ae a eee Hee Ay 6 Dusk 774 2.406 204 5.4¢ 
Ponrten teed os ee ee ee Seo 3 2G .699 1.521 .081 3.3¢ 
BHOVer hay. 4%... 01. bi S5 eae 5 4.23 .3840 | 1.790 .085 2.5¢ 
POrAEUOVEN 5s. doses oa ac 8 4.76 .136 2.992 .056 1.6¢ 
Mata) nutrients”. 5 i 2... 2280. 17.00 1.949 8.309 .426 12.8¢ 
Oat straw, ad libitum. 
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This is a balanced ration and contains enough nutrients for cows 
giving large flows of milk. If some succulent food, such as roots or 
silage, had been added, it would have been still better. 

In May, the fresh cows or the ones giving the most milk, received the 
following: 


RATION 6. 

. Dry Pro- |Carbohy- 

Tood stuffs. Lb. atta wee ent Fat. Cost. 
SHOTS”. Ook oo tel oo a 6.17 854 3.50 .266 6 .3¢ 
Glaten feed. :#.4 084-0 Ree 3 Peg .699 | eae 2 O81 3<ac 
Clower- hay ic acacia ee 5 4.23 . 3840 1.790 .085 2.5c 
Millet: haya ne) pee eee a 8 7.04 .256 3.880 .080 4.0e 
Totalsnutrients +. .6. . en oe 20.14 2.149 | 10.691 i512 16.1¢ 


This is another very good ration as it supplies enough nutriment for a 
cow producing 350 pounds of butter fat a year. Each cow in the herd 
during the rest of the year received two pounds of shorts a day, besides 
plenty of blue grass pasture. 


YEARLY REcORD oF BEST AND PoorEsT Cow In Herp “B,” AND AVERAGE FOR 
ENTIRE HERD. 


Milk, lb. Fat, % Fat, lb. | Butter, lb. 


Best cow, Hartwell No.2......... 6,197 3.99 247 288 


Poorest cow, Brindle No.1 ....... 3,731 2.88 107 125 
Average record of entire herd ..... 5,360 3.52 188 220 


Spotty No. 1 charged to produce 100 pounds of milk, 40.7 cents 
and 12.6 cents for one pound of butter fat. 

Red Bird charged to produce 100 pounds of milk, 70.9 cents, and 
23.2 cents for one pound of butter fat. 

The average cost of this herd to produce 100 pounds of milk was 
57.0 cents and 16.1 cents to make one pound of butter fat. 

Spotty No. 1 gave a profit of $25.82 and Red Bird charged $1.28 
for her board. 

The average profit of each cow was $12.12. 

The average price of grain and roughage from September 1, 1901, 
to September 1, 1902, was about as follows: 


Bran 4) sere toner $18.00 per ton. Qilbmeal-: spaces > $28.00 per ton. 
OhOLiS a:b es eee: 18.00 : Clover hay ...... 10.00 : 
Gorn meale<. au 20.00 i Timothy hay .... 10.00 ° 
Corn cob meal ... 20.00 aig Millet hay ....... 10.00 : 
Grano-gluten .... 18.00 5 Corn stover...... 4.00 - 
Gluten meal..... 28.00 . Corn silage....... 2.00 4 


Gluten feed ..... 22.00 Z Pasturetccs or $1.00 per month. 
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Cur 5. Sporry No.1, Herp B, Gave in One Year 7,711 Ls. Mix; 
AVERAGE Test, 3.20%; 288 Ls. Butter; Net Prorir, $25.32. 


Cur 6. Rep Birp, Herp B, Gave In ONE Year 4,974 Lp. Mink 
AVERAGE TEsT, 3.04%; 176 Ls. Butter; Ner Loss, $1.28, 


I 
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The price of grain is based upon purchase price in the city market 
and the price of roughage is based upon the purchase price at the farm. 
When the cow is charged the above prices for farm products the farmer 
receives a profit on his land and the profit which the cow gives him is over 
and above what he could have received for his products if he had sold 
them upon the market, and moreover, the cows are often fed that which 


is not marketable. 


Take corn stover for example, what would it be 


worth if it was not for the live stock kept upon the farms? 
The average prices of butter fat when sold to the creameries for the 


different months, were as follows: 


meptember, 19012 wae 19¢ 
October, 100 lays te a eee 19¢ 
November 190] = 2 oe 20ce 
December, 1901 be ee 22¢ 
January, 1902): Sea yee 24¢ 
February 90247 ae ee 28¢ 
March; 1902) Sais sage = 28¢ 


April, 1902553. 3. ee 26c 
May, 1902... S22 See 22¢ 
June, 1902... =.:.on 21c 
July;1902.-5 1.55: ee 20.5¢ 
August; 1902+ ) 0... Sea 19¢ 
september; 1902 2.233 20.5¢ 


October, 1902 


TABLE 4.—SHOWING PROFIT OR LOSS FOR EACH Cow IN Herp “B” FoR ONE YEAR. 


Group 1. Kept at A Loss. 
: Lb Profit 
Milk, | Fat, | Fat, Gross | Cost of 
Name of cow. lb. % tb but returns. | feed me 
Redo Birds) ie eee tae 4,974| 3.04 | 151 | 176 | $33.99 | $35.27 | $1.28 
Belle 5 s.4 72). 0e see at 4,412| 3.38 | 149 | 174 3a126 34.30 1.04 
Bundle No.l 8 oe B,tol) 2.80 1 LUT eo Deal, 26.41 1.00 
Group 2.—KBPT AT A SMALL PROFIT. 
POO Sie Ge es , Sena, Se eae aa, 4,231} 3.97 | 168 | 196 | $38.61 | $34.30 | $4.31 
Littledsamie 44 ero 3,956 | 3.05 | 120 | 140 27 32 21.95 5 .3e 
Parry: COW passa. oe eee aie 4,891} 3.14 | 153 | 179 35.00 Seas ati vi 
Sleepy lye 2 ou oe owe 4,190} 4.20 | 176 | 205 40.53 31.67 8.86 
Group 3.—Kept at A Farr PROfrIrt. 
Black N06; 22 54 ere ete: 5,474 | 3:53 | 193°) 225.) $44 (28 1932 eee 
Dpotty..No 72) oxen 6,720 | 3.34 | 224 | 262 Ape asa 38.51 ie aes 
RGaney sc ose, cere sre 5,705 | 3.94 | 225: |- 262 52 AS 39,46 4712-07 
DOta he FPR Oe 4,989| 3.70 | 184 | 215 39.51 26.40 | 43.11 
Black No.l te Sa 6,179} 3.05 | 188 | 220 44 .36 30.71 | 13.65 
Group 4.—Kepr at A Goop Prorir. 
Hartwell’ Nos? eds Sie 6,197 | 3.99 | 247 | 288 | $55.47 | $30.49 |$24.98 
Spotty NO.) eee eae, fibro eos Came 56.73 31. 41-4 35*32 
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TABLE 4—Continued. 


Group 5.—Kept at A Very Farr PROFIT. 


: Lb. Profit 
Milk, | Fat, | Fat, Gross _| Cost of 
Name of cow. Ibe % lb. bute returns. | feed. inet 
PL blow attiets fost hee hy 5,450} 3.66 | 199 | 2382 | $42.79 | $27.37 |$15.42 
1 DUES UEA Gan ee Lee a ae 6,402 | 3.82 | 245 | 285 Oe O02 $6579 1-16.85 
HIBEE Well NO. loo ace oe eee. 4,421) 4.20 | 186 | 217 38 .24 2D el Pek 
Porivcie Non 2 hee ees oe 4,683 | 3.43 | 161 | 187 S802 20080 Lino’ 
J Be gor eg G10 13 89 2aie h 277 54.85 35.95 | 18.90 
Gta Me eae a os Sn he 6,793 | 3.10 | 211 | 246 48 .60 28.18 | 20.42 
TABLE 5.—REcorD or EKAcH Cow In Hurp “ B” FoR ONE YEAR. 
Group 1.—Cows YIEeLpina Less THAN 160 Lp. or Butrer Far. 
; > Lb. | Days 
Name of cow. Age, Breed. Date of | Milk, | Fat, | Bat, but- | in 
yr. calving. lb. % lb. ewirn 
mBondle, No: 1...) 15 | Native...|) 2— 2-02 | 3,731 | 2.88 | 107 | 125 | 203 
Little Lamie ...... 8 i ...| 38- 1-02 | 3,956 | 3.05 | 120 | 140 | 275 
Lee es ay A: a 3 | Gr. Holst.| 11-10-01 | 4,412 | 3.88 | 149 | 174 | 290 
lio Ot thy Ge 6 > 9-30-01 | 4,974 | 3.04 | 151 | 176 | 300 
BITTY COWss «sad 10 . 2— 3-02 | 4,891 | 3.14 | 153 | 179 | 240 
Group 2.—Cows YIELDING LEss THAN 200 LB. or ButTer Fat. 
Brindle No. 2..... Aol INGE V es cree eS ui 4,683 | 3.43 | 161 | 187 | 210 
St aa 3 | Gr.Holst. | 11-13-01 | 4,231 | 3.97 | 168 | 196 | 287 
Sleepy Eye. ...... 5-| Native ..| 12-25-01 | 4,190 | 4.20 | 176 | 205 | 320 
ROOT eRe sete eS 6 | Gr. Holst.) 3-21-02 | 4,989 | 3.70 | 184 | 215 | 310 
Hartwell No.1....| 8 | Native..:| 5-27-02 | 4,421 | 4.20 | 186 | 217 | 270 
POAC NOs loo so... 8°) Gr-Holst. 1-28-02 | 6,179 | 3.05 | 188 | 220 | 275 
3 DAP ere tae 4 = 2-21-02 | 5,474 | 3.52 | 193 | 225 | 340 
AC ULO NE Bee citar. Lis fd 4-11-02 | 5,450 | 3.66 | 199 | 232 | 300 
Group 3.—Cows YieLpine Less THAN 250 Ls. or Butrer Fart. 
Ce te 5 | Gr. Holst. 2-12-02 Miva ntost Oi sii) 24s 2o0 
Spotty No.2 .....| 8 | Native...| 9-24-01 | 6,720 | 3.34 | 224 | 262 | 300 
EVAULOV oe pte ds rf te 11— 7-01 | 5,705 | 3.94 | 225 | 262 | 305 
SORA Pen cs ek. ae 5| GreHolst.; 10-.1—01 | 6,101 | 3.89 | 237 | 277 |.300 
Beauty .......... 4 | Native ...| 17,9705 | 6,402 | 3.82 | 245 | 285 | 305 
SpotiveNo: ).. <1 12 fe s..| 2-21-02 | 7,711°| 3.20 | 247 | 288 | 280 
Hartwell No, 2 <,. .|. 12 Ye 3— 1-02 | 6,197 .| 3.99 | 247 | 288 | 267 


Report oF Herp “C.” 


This herd was composed of natives, grade Shorthorns, grade Hol- 
steins, one Red Poll and two grade Jerseys. The average weight of 
the cows was about 1,050 pounds and they were in good health during 
the whole year. There were no abortions or caked udders during the 
time the test was made. A number of the cows were sold early in the 
test because of their rapid falling off in milk flow when about three 
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months along in the period of lactation. This is a very common fault | 


with a great many cows kept in the dairy, and it is not noticed by the 
owners so much as it should be. They remember the cow when she 
gave a full pail of milk. The herd received good care during the year 
and was kept in a warm barn during the winter where it received a 
fairly good ration. The fresh cows in October to November were fed 
daily about three pounds of bran, shock corn, and pasture. From No- 
vember 15 to January 1, the ration consisted of the following feeds: 
Bran, five pounds; corn meal, three pounds; corn stover, ad libitum. If 
the farmer could have given his cows ten pounds of alfalfa or clover hay 
and less corn stover it would have been a considerably better ration. 

In January and February a little better ration was fed. It was 
about as follows: 


RArIon 7. 
Food stuffs. Lb Dry Pro- |Carbohy- Fat. Cost. 


*Imatter. | tein. drates. 


4.42 .645 2.005 |, .170 | 4.5¢ 
4.45 .095 3.335 | .215 | 5.0¢ 


Bran 2 on. oobi ee 5) 
5 

Gluten: feed... 7... 2 oh eee it .90 3G LOOT hs O2r 1.1le 
5 
2 


Timothy: hay: Geen) Spence eee 4.34 .140 2.170 1 O70 See. 
GOrn StOVEr 5. 0) ane ante 1 7.14 . 204 3.888 | .084 2.4¢ 


Total nutrienis® ore. ee ee Ait Ae Eel 11.905 | .566 |. 15.5¢ 


Cur 7. Crazy, Herp C, Gave In One Year 6,945 La. Mizx; 
AVERAGE Test, 4.23%; 343 Ls. Burrer; Nerv Prorit, $31.55. 


—— 
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Cut 8. Ducuess, Herp C, Gave In ONE YEAR 4,229 Ls. MILK; 
AVERAGE TzstT, 3.59%; 177 Ls. Burrer;: Net Prortt, $9.16: 


Cut 9. JmRsEyY, Herp C, Gave IN OnE YEAR 5,498 Ln. MILK; 
AVERAGE TxEst, 4.48%; 287 Ls. Burrer; Net Prorir, $34.77. 


bo 
ie) 
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This ration would have been still better if the corn meal had been | 
reduced two pounds and gluten feed increased to four pounds. During 
the months of March, April, and May, to the cows giving the largest 
flow of milk were given the following: 


RATION 8. 
Dry Pro- | Carbohy- 
Food stuffs. Lb. Sati ae eneree 7 tla Fat. | Cost. 
Bran... oSns eee eeee Reoma., 5 4.42 .645 2 OOS meet 4.5¢e 
Crliten: Teed ies sepcmurtu tie eee, rar 2 1.80 .466 1.014 | .054 2 .2¢ 
Oibdneal) 4 ieee eens ree 1 91 .293 3al Vas 1.4¢ 
Temothy hays secre o eae 15 | 18.02 .420 6.510 | . 2105) eizoc 
botalanutrients=: 4.5 .. eeee 20.15 | 1.824 9°856 | (512 Pibibe 


The cows were turned out to pasture about May 20, and as 
soon as grass was plentiful they received no grain during the rest of the 
test. They, however, received some forage in connection with the 
pasture. Green peas and oats were fed in July, and in August green 
sorghum. It can be said that the herd was well cared for the whole 
year, and moreover, every cow was fed as near as possible according to the 
amount of milk and butter fat that she was yielding. It must be borne 
in mind that the rations given above were fed to cows that were produ- 
cing the most milk and butter fat’and not to the strippers. 


YEARLY RECORD OF BEST AND PoorEST Cow IN HuErRD “C,” AND AVERAGE FOR 
ENTIRE HERD. 


Milk, lb. | Fat, % Fat, lb. |Butter, Ib. 


DBest-cOW; GIS ZY. 27 ce eens eae 6,945 4.23 294 343 
Poorést cow, Harrisoniiees .2 ss. 2,721 3.96 108 126 
Average yield of entire herd....... 4,942 3.90 192 224 


Jersey produced butter fat the cheapest. She charged 29.7 cents 
to produce 100 pounds of milk, and 6.6 cents to make one pound of butter 
fat. 

Harrison charged 97.7 cents to make 100 pounds of milk, and 24.6 
cents to make one pound of butter fat. 

The average cost of this herd to produce 100 pounds of milk was 
55.5 cents, and 14.2 cents to produce one pound of butter fat. 

Jersey gave a profit of $34.77, and Harrison charged $1.27 for her 
keeping. 

The average profit for each cow in the herd was $16.22. 
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TABLE 6.—SHOWING PROFIT OR Loss FoR HAcH Cow IN Herp “C” ror ONE YEAR. 


GrRouP 1.—KEPT AT A Loss. 


Milk) | Fat, |; at,-1 see Gross | Cost of ean 
Name of cow. lb. wi Ib ter, | returns feed. ieee 
Pa rel eileen ek sion ns ok ais Zi gieibos oO. Wl0S 126) jpoco:. $4.1 a26., 61 $1224 
pS. Ce sine ie aia Scoring 3,519 | 3.64 | 128 | 149 29), 12, 30.98 1.86 
Group 2.—KEpT AT A SMALL PROFIT. 
jl Peed ye eo ie ee 3,965 | 3.56 | 1387 |-160 | $31.69 | $31.30 $ .39 
Mei ee oie coe es ie eats 4,118 | 3.83 | 157 | 184 36.68 28 .29 8.39 
DECHESS Hehe ee rae 4,229.| 3.59 | 151) 177 ey ae yy Za sal 9.16 
Group 3.—KeEpT aT A FAIR PROFIT. 
ALOU Ne ert a Sa 2,979 | 4.34 | 129 | 151 $26.28 | $15.81 | $10.47 
Little Brownie .......... 5,121 | 3.75 | 192 | 224 45.18 32.60 12.58 
GAL eee Ue AED bw Shun ct» 5,015 | 3.94 | 197 | 230 42.71 Pe ea digee 14.99 
Group 4.—KEpt aT A VERY Farr PROFIT: 
La ae. peer) Set a 5,590 | 3.438 | 191 | 223 | $45.15 | $25.66 | $19.49 
ides baek ,) oe... os 5,926 | 3.55} 210 | 245 50.34 28 .47 PA Wee 
Cuseeniece ee. Ss) dest des 4,857. | 3.73 | 181 | 211 38 .90 21261 17.29 
Binge oawk te ts. uk. 6,500 | 3.99 | 259 | 303 Dae 34.88 23 .64 
Ae ere a ete. ek 5,186 | 4.68 | 242 | 283 54.78 33 .60 21.18 
Group 5.—KeEptT aT A Goop PROFIT 
SUMDDOTINGSS, 4%... 20s ot 5,924 | 3.50 | 207 | 242 | $45.19 | $20.39 | $24.80 
PUORNE Metin i) 2 GAS eos. 4 278 57.46 29 .00 28 .46 
ELIA Se aoe eee 6,945 | 4.23 | 294 | 343 66.77 35.22 Berea 
deren Mert oe .. e | 5,495 | 4-48 | 246 | 287 | 51.15 | 16.38 | 34.77 
TABLE 7.—REcORD oF Eacu Cow 1n HERD “C” ror ONE YEAR. 
Group 1.—Cows YIELDING LEss THAN 160 LB. or BuTrer Fart. 
11 ' Days 
er atte: Age, Breed: Date of | Milk, | Fat, | Fat, |Lb. of ro 
yrs. ealving. lb. wi lb. | butter |..." 
milk. 
Harrison 24 Gr. Holst. |) 7—.6-01 | “2.721 | 3.96 108 126 | 246 
(oA) Ey pee ae 2 * 9-25-01 | 3,519 | 3.64 128 149 295 
Victoria 4 : 6— 5-02 | 2,979 | 4.34 129 151 214 
White Face....| 2 7 9-15-01 | 3,865 | 3.56 bod 160 290 
Duchess 8 | Native...} 1- 2-02 | 4,229 | 3.59 151 177 197 
Group 2.—Cows YIELDING LEss THAN 200 LB. or Butrrer Fart. 
Millie ...... 2 | Gr. Holst. | 10-20-01 | 4,118 | 3.83 157 184 330 
Queen ..... 4 | Gr.8.H..| 3-28-02 | 4,857 | 3.73 181 21h 260 
Pet te Po Gr. Holst. | 11-26-01 | 5,590 | 3.43 191 223 305 
Little Brownie..| 8 | Native ...| 10— 3-01 | 5,121 | 3.75 192 224 245 
Lad vas Pik 9)) Gro Sis 3-28-02 | 5,015 | 3.94 197 230 303 
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TABLE 7—Continued. 


Grourp 3.—Cows YIELDING LEss THAN 300 Lz. or BuTTER Fart. 


Name of cow. 


Stubbornness .. 
Old Line Back . 


je 6 et 0) Ve) fe) (a! wate 


Crazy 


[ June, 


Age,| preeg. | Dateof | Milk, | Fat, | Fat, |Lb. of| 7a¥® 
yrs. eae calving. lb. oy lb. |jbutter. mille 
9 | Gr. Holst.| 3--29-02 | 5,924 | 3.50 207 242 246 
12 | Native ...| 12-20-02 | 5,926 | 3.55 210 245 250 
Gr. 8. H..| 1- 5-02 | 6,013 | 3.97 238 278 245 
OMGre ter... 1- 3-02 | 5,498 | 4.48 246 287 275 
6 < 10— 3-01 | 5,186 | 4.68 242 283 365 
4 | Gr. Holst.| 9-26-01 | 6,500 | 3.99 259 303 335 
10 | Gr.RedP. | 10— 4-01 | 6,945 | 4.23 294 343 335 


REpoRT OF HERD “ D.” 


The cows in this herd consisted of full blood Jerseys, grade Jerseys, 
full blood Holsteins, grade Holsteins, natives, and grade Shorthorns. 
There were sixty cows in the herd when the test began and forty-seven 
of them remained through the year. Thirteen of the cows were sold 
during the time the test was being made for they were found to be infe- 
rior and unprofitable animals. The herd contained a great many very 
fine dairy cows and they made some very good records. The cows were 
in a good condition during the whole year and were kept in a scrupu- 
lously clean and well-ventilated barn which was scrubbed once a day 
and white washed twice a year. The sanitary condition was nearly per- 
fect. The cows were not only well cared for, but they received well 
balanced rations during the entire year. The results of this herd readily 
show the importance of taking good care of dairy cows and of feeding 
them well. Some of the rations that the herd received at different 
times during the year show clearly how well these cows were fed. 

From September 1 to the middle of October, to the cows giving 
the largest flow of milk, the rations consisted of six pounds of grano- 
gluten and all the green corn that they would eat up clean. From 
October 15 to December 7, the ration to the best milkers was’about 
as follows: 


RATION 9. 
Dry | Pro- |Carbohy- 

Food stuffs. Lb. pete Bs DE A AE leony Fat. Cost. 
Crario-gliten ie eee a le FA San cd eas hae 1.940 .62 4.5¢ 
Corn NS? CE EOE Bt ay Bae 3 2567 fae 2.001 .129 3.0¢ 
Commcsitige so. Nips faa hn eras one 45 9.40 .405 5.085 -oLo 4.5¢ 
slamochy hay. fra, ts oo en aes coe 5 4.34 .140 | 2.170 .070 2.5¢ 

21.12 | 2.117 | 11.196 | 1,184 )taee 


‘Potal nutrients... vee. eee 
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The ration fed from December 7 to February 1 was as follows: 


Ration 10. 
Dry Pro- |Carbohy- 
Food stuffs. Lb. Bey Fpl ue eee pera Fat Cost. 
RSTIOS CEMA PeRE LEN an odie a Cari: 3 2.65 .366 1-50 114 2.7¢ 
ROTM E Rieter ns Se hee USE 2 1.78 .158 1.334 .086 2.0c 
Pariibety eM esc oe ae et, ee 3 2.64 .963 1.236 {075 4 .2¢ 
OME ean ae era any. te aoe etc 45 | 9.40 .405 | 5.085 3101 4.56 
LEE AI2 7 gS Oe Foray ae eine aera ae oe 5 4.34 .140 22170 070 2.5¢ 
PPOTAlsniitrientse es chet sae te Aes Pe2avon |. LL t3Z25 .660 | 15.9¢ 


The cows seemed to do better when fed grano-gluten and corn meal 
than when they were fed shorts, corn meal, and gluten meal. 

The ration from February 1 to March 15 was five pounds of grano- 
gluten, three pounds of corn meal, and fifty pounds of silage and timothy 
hay. From this time on until the cows were turned out to grass, they 
received about the following: 


RatTIon 11. 
Dry Pro- |Carbohy- 

Food stuffs. Lb. Bie ie WEG Wd tas Fat. Cost. 
OSS ata Gon a 4) 6:60} 12869 28716 .868 6.3¢ 
COPED FEIT 0 Dae ea ee 2.07 RZOL 2.001 .129 3.0¢c 
SES eae aet a Spee iene es eee ene 60 | 12.54 .540 6.780 .420 6 .0c 
PC LTILItIVEN LS ss oaks eo eet ee 2.81 2 2l646.1 11° 49076) 12417115 -3¢ 


It will be noticed that this ration contains no hay, corn silage being 
the only roughage that the cows received. The cows did very well on 
this ration and when they were turned out to pasture, which was about 
June 1, they were in good condition. In June the cows received 
about four pounds of grano-gluten a day, besides a grass pasture. 

In July and August they received nothing but pasture grass. The 
above rations apply more to the general feeding of the best milkers 
in the herd, the strippers and poor milkers getting according to the 
amount of milk they were producing. 

It should be observed that the rations given to the cows during the 
year did not contain a large amount of grain, but each one contained a 
liberal amount of nutrients for cows that were giving a large flow of 
milk and yielding large amounts of butter fat. It will also be noticed 
that each ration contained over two pounds of protein. This can be 
accounted for when grano-gluten is compared with bran or oats, for it 
contains twice as much digestible protein. Therefore, it is not necessary 
to feed so many pounds of the grano-gluten as we would have to feed of 
bran or oats to get the same amount of digestible protein. 
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The above facts are mentioned so that the reader will not be misled 
when he compares the total amount of grain that each cow in this herd 
consumed with the total amount of grain consumed by each cow in some 
other herd. When the cows in this herd were not receiving grano-gluten 
they were receiving gluten meal which is a by-product of glucose refining 
companies. This feed is also very rich in protein. It contains about 
thirty-two per cent of digestible protein. These facts demonstrate 
very clearly that it often pays farmers to sell some of their oats or corn 
and buy some such by-products as gluten meal, gluten feed, grano- 
gluten, oil meal, or dried brewer’s grains, etc. 


coRD oF BEST AND REST Cow In HERD D 
YEARLY ReEcorpD or B PoorEST Cow H “D,” AND AVERAGE FOR 
ENTIRE HERD. 


Milk, lb. | Fat, % | Fat, lb. | Butter, Ib. 


DEst COWS NO ad 20 sae ee ae 8,949 4.52 404 472 
Poorest cow, No. 324... 01.2.) as. 3,364 4.06 136 159 
Average record of entire herd ..... 5,911 4.45 263 306 


Cow No. 147 made butter fat the cheapest. She charged 7.5 cents 
to produce one pound of butter fat and 35.5 cents to produce 100 pounds 
of milk. 


Cur 10. Cow No. 283, Herp D, Gave in OnE YEAR 10,151 LB. MILK; 
AVERAGE Tzst, 3.68%; 486 Ls. Butrer; Net Prorit, $45.36. 
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Cur 11. Cow No. 317, Herp D, Gave In ONE YEAR 10,059 La. MILK; 
AVERAGE TeEst, 3.79%; 445 Ls. Burrer; Net Prorit, $48.94. 


Cur 12. Cow No. 147, Herp D, Gave In OnE YeEar 7,890 Ls. MILK; 
AvERAGE Trst, 4.70%; 432 Ls. Burrer; Ner Prorit, $57.22. 
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Cur 13. Cow No. 199, Herp D, Gave In OnE YEAR 6,132 LB. MILK; 
AvERAGE Test, 4.75%; 340 Ls. Butrer; Ner Prorit, $31.54. 


Cut 14. Cow No. 44, Herp D, Gave 1n ONE YEAR 3,399 Ls. MILK; 
AVERAGE TEST, 4.58%; 181 Ls. Burrer; Ner Loss, 18 Cents, 


—_—— 
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Cut 15. Cow No. 184, Herp D, Wirth Two Quarters or HER UppER GONE, 
GAVE IN ONE YEAR 7,997 LB. Mik; AveRAGE Test, 4.77%; 
445 Ls. Butter; Net Proritt, $49.42. 


Cut 16. Cow No. 95, Herp D, Gave In ONE YEAR 7,615 Lz. MILK; 
AVERAGE Test, 4.85%; 430 Ls. Burrer; Net Prorit, $42.85. 
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Cur 17. Cow No. 337, Herp D, Gave In OnE YEAR 3,443 Lb. MILK; 
AVERAGE Test, 4.46€%; 179 Ls. Butrer; Ner Prorit, $2.52. 


Cut 18. Cow No. 263, Herp D, Gave-In ONE YEAR 4,887 Ls. MILK; 
AvERAGE Test, 4.04%; 230 Ls. Burrer; Net Prorirt, $18.99. 
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Cur 19. Cow No. 40, Herp D, Gave In OnE YEAR 6,575 Lz. Mixx; 
AVERAGE TEST, 3.23%; 248 Ls. Butrer; Net Prorit, $17.09. 


Cow No. 44 charged the most to make butter fat. She charged 
22.4 cents to make one pound of butter fat and $1.03 to make 100 pounds 
of milk. 

The average cost to produce one pound of butter fat was 12.3 cents 
and 54.9 cents to produce 100 pounds of milk. 

Cow No. 147 gave a profit of $57.22 and cow No. 44 charged 18 cents 
for her board. , 

The average profit of each cow in the herd was $26.64. While the 
average profit is very good, it would, perhaps, have been better if the 
owner could have personally looked after his cows. The cows were 
cared for entirely by hired help. 


TABLE 8.—SHOWING PROFIT oR Loss ror Each Cow IN HERD “D” ror ONE 
YEAR. 


Group 1.—Kept at A Loss. 


Lb. 
Ne atode Milk, | Fat, | Fat, | of Gross |Cost of | Profit 
‘ j lb. yo lb. | but- | returns. | feed. or loss. 
\ ter. 
BE teh ck a Sts § 3,399 | 4.58 | 155 | 181 | $34.85 | $35.03 | $0.18 
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TABLE 8—Continued. 
Group 2.—Kb5ptT AT A SMALL PROFIT. 
Lb. ; 
Milk, | Fat, | Fat,| of | Gross | Cost of | Profit 
No.of cow. lb. % Ib. | but- | returns. eed. | or loss 
ter. 
BOC yy hs ee 3,443 | 4.46 | 153 | 179 | $385.29 | $32.77 | $2.52 
Dok alee oe ie eee 3,304.) 4,06 1186 1.1599) Senin ee 4.03 
BUSS eo as oe eee 4,617 |.3.83, | 177 1-206] 40.17 338.36 6.37 
oA Eee ret a ars ke OR 4,069 | 4.15 | 169 | 197 | 40.67 3.92 6.75 
Group 3.—KbEpT AT A Farr Profit. 

Doh Oe on eek PR he 3,187 | 4.35 | 188 | 161 | $29.46 | $19.07 | $10.39 
ATEN Sete SA ee, serene ai, 4,389 | 4.40 | 193 | 225 | 40.47 | 29.22) 11.25 
Eo Rata So Veta ae 5,266 | 3.61 | 190 | 222 | 44.30 | 32.67 11.63 
LU ar smite Seen eae - 3,777 | 4.99 | 188 | 220 | 41.86] 30.00 11.86 
DOA ite Ge ie cs ne eae oe 4,823 | 4.07 | 196 | 229 | 46.03 | 33.50) 12.53 

OOP Teles Pa ans Caee Vie teat 4,700. | 4.72 | 222°) 259 | 46.76 4 22736 14.60 

Group 4.—Kept at A Very Farr PRorIt. 
LOS tapers teen here er 5,449 3.99 | 217 | 253 | $49.41 | $34.09 | $15.32 

Ae a ea et ae CR 6,575 | 3.23 | 212 | 248 | 45.83 | 28.74 | 17.09 
PAN Ie heer coll aed te nee Na Ba 5,257 | 4.05 | 213 | 248 | 50.07 | 32.09 17.98 
ty se ed won © eae eS 5,446 | 4.30 | 234 | 273 | 52.73 | 33.94 18.79 
Zhe een. Oe eased Oy We 4,887 | 4.04 | 197 | 230 | 41.90 | 22.91 18.99 
DOE Cie AB PEG eee 4,796 | 5.00 | 239 | 279 | 54.11 34.88 19.23 

FAD sey ee SURE Eg Se MBE 4,958 | 4.51 | 223 | 261 51.70 | 32.138 19.57 

13: Fale canes tpign asta ee eee 4,462 | 5.26 | 235 | 274 | 55.03 | 33.88 | 21.15 
ESD os ec & tee we oe ees 5,505 | 4.19 | 230 | 269 | 50.14 | 28.53} 21.61 
BLO ese ae eet ree 5,285 | 4.79 | 253 | 295 | 57.64 | 384.07 | 23.57 
ask ee ee eee en ee 5,414 | 4.36 | 236 | 275 | 56.54 | 32.70 | 23.84 

GROUP 5.—Kept at a Goop Prorit. 
1G Pees fr deme cee ae 5,731 | 4.70 | 269 | 314 | $57.00 | $31.65 | $25.35 
DOO Pore ho Py bal Seman 7,979 | 3.75 | 299 | 349 | 67.06 | 41.59 | 25.47 
je Ls Ree ne ke ane anh 5,481 | 4.57 | 250 | 292 | 54.63 | 27.62 | 27.01 

LO see A ene Get es eee 6,732 | 4.34 | 292 | 341 63.83 | 35.95 | 27.88 
1900 Bae e es cates ee 5,477 | 5.60 | 306 | 357 | 69.31 | 39.44 | 29.87 
CLO Ree ets Ae ee 5,201 | 5.07 | 263 | 307 | 61.90 | 32.03 | 29.87 
114 SAS 6,407 | 4.00 | 256 | 299 | 59.74 | 29.02 | 30.72 

BO Aa ee 7,199 | 4.36 | 3138 | 366 | 69.15 | 37.61} 31.54 
ES | ena MR TS weno ores 6,132 | 4.75 | 291 | 340 | 64.04 | 32.50 | 31.54. 

SO eek ae ot eae ne 5,551 | 5.14 | 285 | 832 | 65.86 | 33.94 | 31.92 

ST ot ie... SNe, © eee ee 5,500 | 4.85 | 266 | 311 59.40 | 27.27 | 382.18 

Group 6.—KeEprT at A VERY Goop PrRorit. 
LiS si Es Renee ee 0,077 | 4.99 | 278 | 324 | $58.01 | $24.80 | $383.21 
LOG 37 oe ae oe ee 6,286 | 4.46 | 280 | 327 | 61.19 | 25.23 | 35.96 

46 S24 he Gee Pee ee 6,549 | 4.62 | 302 | 353 | 71.29 | 35.07 | 36.22 
Pf eae eee oy oh eer 6,581 | 4.76 | 313 | 366 | 69.10 | 31.68 | 37.42 

re oe kee Pine 7,615 | 4. 369 | 480 | 79.30 | 36.45 | 42.85 
BA neh ieee 6,811 326 | 380 | 74.20 | 29.27 | 44.93 
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TaspLeE 8—Continued. 
Group 7.—KEPT AT AN EXCELLENT PROFIT. 
Lb. 
Milk, | Fat, | Fat, | of Gross | Cost of | Profit 
No. of cow. lb. % lb. | but-| returns.| feed. -| or loss. 
ter. 
Be seg wee eas 10,151 | 3.68 | 374 | 436 | $87.13 | $41.77 | $45.36 
Re 8G aS ioe 8,949 °| 4.52 | 404 | 472 8/755 40.44 46.89 
i as 7,130 | 4:71"), 336° | 392 78.30 orsae 47.03 
REN ive ke ca 9,272 | 4.0L | 372 | 434 84.78 37.74 47 .04 
MEE oo, kee oe 6,501 | 5.46 | 355 | 414 82.20 34.88 ATGS2 
ME eo ct ed acc ce ad 10,059 | 3.79 | 381 | 445 86.95 38.01 48 .94 
di ee hace 7,997 | 4.77 | 382 | 445 83.77 34.35 49.42 
CA St Se ee 7,890 | 4.70 | 871 | 432 85.24 28 .02 sy fats 
TABLE 9.—ReEcorD or Eacu Cow 1n Herp “D” For ONE YEAR. 
Groupr 1.—Cows Propucine Less THAN 200 LB. or Butrrer Fart. 
ae Lb. of | Days 
No. of cow. see, Breed lansin ee aa zat but- in 
‘be are g ter. | milk. 
ae itr des nes cw 10-15-01 | 3,364 | 4.06 136 159 230 
ae 10 | Native...| 3-— 7-02 | 3,187 | 4.35 138 161 225 
a 3 3 ...| 1l- 1-01 | 3,443 | 4.46 153 179 304 
ask. sat 8 | Gr. Jersey| 3- 1-01 | 3,399 | 4.58 155 181 365 
tae sha as.k sb wh 10-29-01 | 4,069 | 4.15 169 197 245 
cs ead eck Sle no aoa 8-15-01 | 4,617 | 3.83 We) 206 320 
Ree 2c. 4 | Native 7-21-02 | 3,777 | 4.99 188 | 220 330 
eld Le wy ens cima 8-11-02 | 4,389 | 3.61 190 222 350 
Meese. 7 | Gr. Holst. | 5-28-02 | 5,266 | 4.40 193 225 274 
MNEs iiss s 7 | Native ...| 10- 6-01 | 4,823 | 4.07 196 229 303 
oo ae 7 | Gr. Holst. | 4-13-02 | 4,887 | 4.04 197 230 218 
Group 2.—Cows Propucine Less THAN 225 Ls. or BuTTEeR Fat. 
gt: ea 9 | Native...| 3-23-02 | 6,575 | 3.23 244 248 274 
en 5 | Gr. Holst. | 12- 1-01 | 5,257 | 4.05 213 248 323 
3 6 | Gr. S. H..| 8-24-01 | 5,449 | 3.99 PAY | 208 275 
a 7 | Native...| 5- 1-02 | 4,700 | 4.72 jg 259 304 
oh 5 | Gr. 8. H..| 11-15-01 | 4,958 | 4.51 223 261 270 
Group 3.—Cows Propucine LESS THAN 275 Lp. oF Butrer Fat. 

«35 SSIES: (ae oe 3-16-02 | 5,505 | 4.19 230 269 267 
ee 5 | Native...| 4-13-02 | 5,446 | 4.30 234 273 300 
NES. SC Ges <> 9 | Jersey....| 12— 1-01 | 4,462 | 5.26 ae 274 302 
es 8 | Native...| 10-27-02 | 5,414 | 4.36 236 275 305 
RE a Pe oe cas 11— 1-01 | 4,796 | 5.00 239 279 340 
| aan 10 | Gr. Jersey} 3-23-02 | 5,481 | 4.57 250 292 262 
ae 7 | Native...| 10—- 6-01 | 5,285 | 4.79 253 295 330 
Meee; es 10 % ...| 1l- 5-02 | 6,407 | 4.00 256 299 2a 
Bre yo vin Ss es 10. rs ...| 12— 8-O1 | 5,201 | 5.07 263 307 305 
i 9 + ; 2-23-02 | 5,500 | 4.85 266 311 253 
De es os 7 | Gr. Jersey| 4-13-02 4.70 | 269 300 


5,731 


314 
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TaBLE 9—Continued. 
Group 4.—Cows Propucine Less THAN 325 LB. or BuTrer Far. 
; 2 Lb. of | Days 
No. of cow. mee, Breed. Date of Mill, ) Fat, | Fat, but- in 
yr. calving. ib. % lb. ter. tomate 
1 tee ae 9 | Native....| 3-23-02 | 5,577 | 4.99 | 278 | 324 | 295 
1090 50 hee “Bees 3-23-02 | 6,286 | 4.46 | 280 | 327 (eu 
Soon 5 dene EEG ka gy ar 11-24-01 | 5,551 | 5.14] 285 | 332] 309 
109 fae tt ees 8 | Gr. Jersey] 3-13-02 | 6,132 | 4.75 | 291 | 340] 309 
Oe eras eters 11 | Native....| 6—- 2-02 | 6,732 | 4.34 292 341 330 
GUO kes: tt Pee ene Rite laa na testa 7-21-01 | 7,979 | 3.75 299 349 365 
BOs eee ee 11 | Native 11- 3-01 | 6,549 | 4.62 302 353 302 
100, Jens Pees 11 | Gr. Jersey| 6-20-01 | 5,477 | 5.60 306 357 365 
AE eed h Matas 10 | Native...| 3-25-02 | 6,581 | 4 76 313 366 274 
ra bees ge ge eae 10 | Gr. Jersey! 8— 4-02 | 7,199 | 4 36 313 366 265 
Group 5.—Cows Propucine Less THAN 405 Ls. or BurrerR Fat. 
249 Soh eo 5 | Native...| 1-19-02 | 6,811 | 4.79 326 380 211 
IAL Und We ee, Be 9 ...| LO-20-01 | 7,130 | 4.71 336 392 350 
LOZR ee Tete tt 7 | Gr. Jersey} 11-17-01 | 6,501 | 5.46 3595 414 300 
S159 Pi, gee ie el 6 | Native...| 6-12-01 | 7,615 | 4.85 369 430 300 
LEY ee ea ae 8 a ...; 12— 1-01 | 7,890 | 4.70 371 432 275 
74a Pili a Bee Bm Me Ae 8 oa ...| LO- 6-O1 | 9,272 | 4.01 372 434 330 
Fite EAE Ee 8 | Gr. Holst. | 12-— 1-01 | 10,151 | 3.68 | 374 436 316 
SOW Mogae Conn ed 5 | Holstein .| 9-22-01 | 10,059 | 3.79 381 445 365 
A termes cee 10 | Gr. Jersey) 3- 9-02 | 7,997 | 4.77 382 445 335 
WA iS ok gion am 10 | Gr. Holst. | 11-15-02 | 8,949 | 4.52 404 472 325 


Report oF Herp “FE.” 


This was a small dairy of seven cows, but each one proved herself to be 
The herd consisted of grade Ayrshires, natives, and 


a profitable animal. 
one grade Jersey; the average weight was 950 pounds. 


The cows were 


well fed and cared for during the test, and at the end of the year they were 


in good healthy condition. 


No caked udders, abortions, or other mis- 


haps came to this herd during the year and no cows were sold, for every 
Nearly all the cows 
came fresh the last of September and the first of October, and went 
It was a winter dairy. 
In October and November the cows received five pounds of bran, 
five pounds of corn meal, corn stover, and some pasture. 
In December and to January 15 they received the following: 


one in the herd gave the owner a good profit. 


dry in August. 
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Cut 20. Jennie, Herp HE, Gave IN ONE YEAR 4,449 LB. MILK; 
AVERAGE Txst, 5.01%; 260 Ls. Butter; Net Prorit, $35.17. 


Ration 12. 
Dry Pro- |Carbohy- | 
Food stuffs. Lb. Peat ae eee Sia de Fat. Cost. 
Berano-eluten ............ 2.5 TAG .667 .970 .305 2.2C 
ag a ae 6.0 Deal tte 2.406 . 204 5.4¢ 
Corn and cob meal........ 4.0 3.40 F170 2.400 .116 4.0¢e 
ME a kek e's av) 4.40 .160 2.425 050° 4° 2-5e 
Vs pe 10.0 5.95 .170 3.240 O10 74.2 06 
moral nutrients .....:..... Bieal 1.947 | 11.441 146 16.1¢ 


This is not only a balanced ration but it contains a variety of food 
stuffs and is palatable. Palatability should always be considered in 
making up a ration for a dairy cow. 

From January 15 to March 1 the cows received the following 
ration: Six pounds of bran, three pounds of grano-gluten, five pounds 
of timothy hay, and all the corn stover they would eat up clean. 

In March and to April the 10th, they received 2.5 pounds of bran, 
2.5 pounds of grano-gluten, five pounds timothy hay, and corn stover 
ad libitum. 

The first part of April the cows were turned out to rye pasture, and 
about the 15th of May were turned to blue-grass pasture. The 
herd was given no grain from April 10 to the completion of the year’s 
work. It might be said that the rye pasture was plowed up and 
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Cur 21. Per Herp EH, Gave In OnE YEAR 7,488 LB. MILK; 
AVERAGE Test, 4.56%; 398 Ls. Burrer; Ner Prorit, $48.07. 


planted to corn—in other words, this farmer had a good pasture for a 
month by simply sowing his intended corn ground to rye in the fall. 
The cows liked the rye pasture so well that they cared nothing for grain 
when they were grazing in this field. | 


YEARLY REcoRD oF Brest AND PoorEsT. Cow In Herp “EH,” AND AVERAGE FOR 
ENTIRE Herp. 


Milk, lb. | Fat,% | Fat, Ib. | Butter, lb. 


Best cow, Brindle..............-. 7,828 4.41 345 403 
Poorest.cow, Stare. eee ae ee 5,398 3.89 210 245 


Average record of entire herd ..... 6,474 4.19 271 ol? 


Brindle charged 39.1 cents to make 100 pounds of milk, and 8.8 
cents to make one pound of butter fat. 

Star charged 54.4 cents to make 100 pounds of milk, and 13.9 
cents to make one pound of butter fat. 

The average cost of production was 43.8 cents to make 100 pounds 
of milk, and 10.4 cents to make one pound of butter fat. 

Brindle gave the largest profit, which was $49.97, and Star 
the least, which was $20.54. 

The average profit for each cow in the dairy was $35.80. 

There were no unprofitable cows in this herd, for the owner has 
always given considerable attention to the selection of his dairy animals. 
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TABLE 10.—SHOWING PROFIT FoR Kacy Cow1n HERD “ EK.” For ONE YEAR. 


Fat, Fat, Butter, | Gross | Cost of Net 
% lb. Ip. “-*}-returns.|* feed: profit. 


Name of cow. |Milk, lb. 


eres 5,398.4 | 3.89 | 210.42 | 245.49 | $49.91 | $29.37 | $20.54 
4.09 | 233.89 | 272.87 55.23 | 28.48 | 26.75 
; 4.08 | 267.50 | 312.08 65.54 | 30.66 | 34.88 
BERG: ys 4,449.9 | 5.01 | 223.30 | 260.51 54.66 19249 35-37 
3.55 | 280.44 | 327.18 65.94 | 30.69 | 35.25 
4.56 | 341.95 | 398.94 17,44 | 29.37 | 48.07 

4.41 


345.73 | 403.35 | 80.63 30.66 | 49.97 


‘ 


TARLE 11.—ReEcoRD or EacuH Cow IN Herp “E” For ONE YEAR. 


Name of | Age, B Date of | Milk, | Fat, | Fat Ebi et Days 
reed. . é : ? | but- in 

» COW. yr. calving. lb. % lb. eae alee tie 
a ety SLs OS cd ceca. 10-15-02 | 5,398 | 3.89 | 210 | 245 | 320 
Jennie ..... 6 Jersey...... 1- 8-02 | 4,449 | 5.01 | 223 | 260 | 245 
Red Ellis 6 J. &8.H...| 9-20-01 | 5,707 | 4.09 | 233 | 2721 315 
Line Back ..| 5 Native.....| 9-20-01 | 6,552 | 4.08 | 267 | 312 | 275 
Blacky 4 7 ....| 9-15-01 | 7,896 | 3.55 | 280 | 327 | 280 
BG. 5 8 |Gr. Ayrshire.| 9-25-01 | 7,488 | 4.56 | 341 | 398] 330 
Brindle ....| 9 sf “...| 9-28-01 | 7,828 | 4.41 345 403 327 


Report oF Herp “FF.” 


There were fourteen full-blood Holstein cows in this herd that were 
tested; their average weight was about 1,050 pounds. A few of the 
cows that did not enter the test were disposed of before the end of the 
year for they had already proved themselves to be inferior and unprof- 
itable animals. Less than half the dairy was matured cows. The herd 
was well cared for, but they did not receive a very large grain ration 
during the year, for the owner thought it would be more profitable to 
make less milk and butter fat than it would be to buy feed for his cows; 
the price of all kinds of grain being so very high last year. 

The herd was kept in comfortable quarters, was in healthy condition 
during the test, and did a good year’s work considering thegrain that 
was given them. 

The first period of the test the cows received a good ration which 
contained the following food stuffs: 
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Cur 22. CHecx, Herp F, Gave IN ONE YEAR 6,812 LB. MILK; 
AVERAGE TEsT, 3.16%; 251 Ls. Burrer; Net Prorit, $19.30. 


Ration 13. 
Dry Pro- |Carbohy- 
Food stuffs. Lb. Toatter.| <telnalaienees Fat. | Cost. 
Braye 2555, 5 ee a 4 3.54 .516 1.604 | .136 3.6¢ 
Oats eee acca ER dee Lh eee 4 3.56 .368 1.892 | .168 4.4¢ 
Glover hay ti. soe 0a1 hae 5°! 4.23 .340 | 1.790 | .085 | 2.5¢ 
PLOVei cote OY: oO She ae ae gern eee ene 10 5.95 .170 3.240 | .070 2.0¢ 
PLIAGE wk ahs eh aiuis ce een eM RT «er Some Lod, .015 | 3.955 | .245 |© 3.5e 
Total nutrients 2a526 a ee ee 24.59 | 1.709.| 12.481 |e a7O2esie i Gee 


This is a very good ration for it contains a variety of feeds and enough 
nutrients for cows giving good flows of milk. The dry grains and dry 
roughage are mixed and in about the right proportion to the amount of 
corn silage. It is, perhaps, a little deficient in protein for heavy milking 
COWS. 

The second period of the test the cows received no grain. The ration 
consisted of thirty-five pounds of corn silage, five pounds clover hay, 
and all the corn stover they would eat. Each cow shrank considerably 
in milk flow, and the average percent of fat was less during this period. 
The cows received the following ration from the first of February until 
they were turned out to grass: 
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Cut 23. Marip, Herp F, Gave In OnE YEAR 5,979 Ls. MILK; 
AVERAGE TEST, 3.34%; 233 Ls. Butter; Net Prorit, $17.95. 


RaTIONn 14. 
Dry Pro- |Carbohy-) 4, a8 

Food stuffs. Lb. os EE AES rt ae NIN Fat. | Cost. 
eano-pluten ....2...... et ged | a \ =. 88 .534 PaO} 240 | U1 Se 
Fo SSS Sa 395 (ak .o15 3.955 | .245 3.5C 
MAY es fine = pe ese wks 2 5 |. 4.23 .840 | 1.790 | .085 | 2.5c 
Bree vey Pr Shee os 10 | 5.95 hi 0.240) 1.070 2 0e 
Meearenutrients,............5.4 5. 19.37 | 1.359 } 9.761 | .648 | 9.8¢ 
Oat straw, ad libitum. 


This is a better ration than the one that was fed during the second 
period of the test, and there was an increase in milk flow and an increase 
in percent of fat. The cows were turned out to pasture about June 
19. The owner did not have enough pasturage to feed his herd entirely 
so the ration was supplemented with thirty pounds of corn silage a day. 
This ration was continued to the completion of the test. It is the belief 
of the owner that the cows would have given a larger profit if he had fed 
them more grain. While the above facts do not demonstrate that the 
herd would have been more profitable with better feeding, yet, judging 
by the individuality of each of the cows, better results might have been 
expected if more grain had been fed. . The cows were certainly: capable 
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of giving more milk and butter fat than the records show, if they had 


received a better ration. 


YEARLY ReEcoRD OF BEST AND PoorEsT Cow IN Herp “F,” AND AVERAGE FOR 
ENTIRE HERD. 


Milk, lb. Fat, % Fat, lb. | Butter, lb. 


Best: cow; Princess: <0 See (hah ee 3.35 262 305 


Poorest cow, Mittie 2?) 02. ....... 3,461 3.19 110 128 
Average record of entire herd ..... 5,846 3.32 194 227 


Princess, the best cow, charged 33.5 cents to produce 100 pounds 
of milk, and 10 cents to make one pound of butter fat; and Mittie 
charged 62.3 cents to produce 100 pounds of milk, and 19.5 cents to 
make one pound of butter fat. 

The average cost of production was 42. 9 cents to yield 100 pounds 
of milk, and 12.9 cents to make one pound of butter fat. 

Princess gave a profit of $32.63 and Mittie a profit of $2.75. 

The average profit for each cow in the dairy was $18.58. 


TaBLe 12.—SHow1NnG ProFit ror EAcH Cow 1n Herp “F” For ONE 
YEAR. 


Group 1.—KeEpt AT A PROFIT. 


. Fat, Lb. of | Gross | Cost of Net 

Name of cow. | Milk, lb. %, Fat, lb. butter. returns.| feed. oe 
EEE Loe: we 3,461.8 | 3.19 | 110.54 | 128.96 | $24.33 | $21.58 $2.75 
TA ia Son atioct ak 4,386.4 | 3.39 | 149.05 | 173.89 | 34.41 22 .66 Li 
Joe’s Bride..... 5,136 7 |-3:00: }.154:32 4-180204 | 32.01 20.47 11.84 
[bg ice ey eee 5,677.1 | 3.14 | 178.44 | 208.18 | 40.96 27.85 13.11 
Bell Seas cas 5,050: 2 °3 61-71 "1821564212 938 si6 38.89 23 .94 14.95 
Maides str hee 5,979.14 3.04.5 200712) 23354 (0 244527 2020 17.95 

Group 2.—KeEptT aT A Farr PROFIT. 

Marttus litigate: 7 5,586.5 | 3.25 | 181.82 | 212:12 | $41.07 | $22.4) ois7e6 
GEEK ys pero see 6812-65193 .16 12215270 25 fo 5222 30.92 19.30 
WLAGC <p iit ea 5,426.9 | 3.39 | 184.36 | 215.08 42 .54 22 .66 19.88 
DSN eisrae e 6,219 222) BvSS ee ZI - Fou 200 a5 49 .03 26.57 22 .46 
Beho bs te a ot 6.03926 741-3 (66.1 232160 258 02 50.03 2 ae PPR 


Group 3.—Kept at a Goop PROFIT. 


Avan ody ©: | 6,610.0 | 3.29 | 218.01 | 254.34 | $49.58 | $25.55 | $24.03 
Aliridassket oe | 7,641.5 | 3.22 | 246.10 | 287.11 | 55.55 | 27.52 | 28.03 
Princess........| 7,817.4 | 3.35 | 262.28 | 305.99 | 58.88 | 26.25 | 32.64 
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TABLE 13.—REeEcorRD oF EacuH Cow IN HERD “ F'” For ONE YEAR. 


ee SS See 
Group 1.—Cows YIEeLpING Less THAN 180 Ls. or Butter Far. 


. Lb. of | Days 

Name of cow. Age, Breed. Date of || Milk, | Fat, | Fat, but- ae 
yr. calving. lb. Je lb. face ll snilt 

Mittie......... 3 | Holstein .| 7-17-02 | 3,461 | 3.19 | 110 | 128 | 260 
is ee 4 : .| 12- 1-01 | 4,386 | 3.389 | 149 | 173 | 300 
Joe’s Bride.....| 9 x .| 4— 5-02 | 5,136 | 3.00 | 154 | 180 | 275 
PROGR cide. 12 . .| 2-13-02 | 5,677 | 3.14 178 | 208 | 235 


Group 2.—Cows YIELDING LEss THAN 205 LB. or BuTrer Fart. 


|i 6 Nae 2 | Holstein .| 11-18-01 | 5,586 | 3.25 181 212°| 315 
oa 3 i .| 5-28-02 | 5,050 | 3.61 182 212 302 
1G eran 3 : .| 12— 1-01 | 5,426 | 3.39 184 215 300 
ON eee 3 iz .| 10— 9-01 | 5,979 | 3.34 200 233 330 


Group 3.—Cows YIELDING LEss THAN 275 Ls. or Buttrer Fat. 


lS ee 15 | Holstein .| 1-23-02 |} 6,812 | 3.16 | 215 | 251 | 252 
Panes eit oes yeas 2 ¥ .| 1-81-01 | 6,610 | 3.29 218 254 305 
Broey.. ss. 3 . .| 10-13-01 | 6,219 | 3.53 219 256 335 
ee MI ois ty 5 4 .| 10-11-01 | 6,039 | 3.66 221 258 334 
muruio........ if .| 10-14-01 | 7,641 | 3.22 246 287 336 
Princess ....... 4 Z .| 8-26-01 | 7,817 | 3.35 | 262 305 |. 330 


Report oF Herp “G.” 


There were only five cows in this herd at the beginning of the test 
and two of them were sold three months after the work began. ‘The 
strange thing about the selling of these animals was that they were good 
cows, for they had averaged 74 pounds of butter fat a week up to the 
time that they were disposed of. The herd was not well fed or cared 
for, but did a very fair year’s work, notwithstanding. The cows were 
not kept in a comfortable barn, or one that was well cleaned. The 
dairy with this man was, so to speak, a sort of necessary evil. 

The amount of grain and roughage that each cow consumed during 
the year was not kept, so there is no feed account reported. 


TABLE 14.—ReEcorpD or KAcH Cow IN Herp “G” FoR ONE YEAR. 


: . Days 
Milk Fat, | Fat Lb. of : 
N f : Breed. ? ? 3 
ae ie Ib. % | Ib. | butter. | an 
Sees... GYr Jergey oy 33 3,644 | 3.96 | 144 168 275 
mets 25)... INBATVGd) 24 ere) | 3,930 | 3.94 155 180 210 


Mee st a. naire Laake Lge eo Fae iad O21 >) 3294 277 323 280 
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Report oF Herp ‘‘H.” 


This hefd consisted of eight native cows whose average weight was 
about 1,000 pounds. The cows were very ordinary animals and they 
did a very ordinary year’s work. The most of them calved in March, 
and were dry by the first of November, the owner not trying to make 
milk in winter. The barn in which these cows were kept was very poor, 
being cold and poorly cared for. The stock was often exposed to cold, 
rain, and snowstorms, and the frozen snow and ice was often removed 
with brooms from the animals’ backs. | 

In March and April the cows received a small amount of bran and 
corn meal and about one pound of oil meal a day, with clover hay and 
corn stover. By May 15 the cows were turned into a pasture which 
was not very good, the greater portion of it being woods. They received 
in connection with pasturage about two pounds of bran a day, but this 
was not enough grain when the kind of pasture is considered. The 
latter part of July the cows were changed to a good clover pasture. 


TABLE 15.—SHOow1ING ReEcorp or Two Cows Every SEVENTH WEEK DuRING 
THEIR PERIOD OF LACTATION. 


FANNY. . 
Week ending. Milk, lb. Fat, % Fat, lb. | Butter, lb. 
Wharches ls <x, Set seecemcact <a oe eee oe 192.4 Lee 6.16 TAS 
Maelo 3 ce se Ge aay Fs ee 142.4 4.3 6.12 7.14 
BE Vind sae ee ae eet oe 84.3 4.0 3 /oF 3.93 
RP Uist Don Wael oS eee gel nice oe ates rae # 6.9 48 96 
Liny 

May NOS 0 noc feet Wiens ye a 171 3.9 6.67 78 
SEY LF: Sacra, ba aDUE ee See 99 3.5 3.47 4.04 
PLUPUISHI20) clan nee eee eet ne ee 123.9 3.0 4.46 Se 
October. 27 2. 7 eee ae Lote 4.1 3.08 9 


These tables are good examples of the milk and butter fat yield of all 
the cows at different times during the test. They clearly show that 
the cows were not persistent milkers. The individuality of the 
cows, the poor care, and the poor feeding which they received, un- 
doubtedly caused the rapid decline in milk and butter fat production — 
from one period to the next and their short period of lactation. 

The cows gave more milk and butter fat in the August test than 
they did in July. This was probably due to the fact that the cows were 
taken from a poor wood pasture the last of July and put into a good 
clover pasture. 


1903.] RECORDS OF INDIVIDUAL COWS. 43 


YEARLY REcoRD oF BEST AND PoorEsT Cow In Herp “H,” anp AVERAGE FOR 
ENTIRE HERD. 


Milk, lb. | Fat,% | Fat, lb. | Butter, lb. 


RIaUECOW Pa CSSIE cya as ay xe ee 5,420 4.08 221 258 


Poorest cow, Fanny .......%..... 2,398 3.92 94 109 
Average record of entire herd ..... 3,852 4.02 155 180 


TABLE 16.—ReEcoRD oF EAcH Cow IN HERD “H” For ONE YEAR. 


: Lb. of | Days 
Rrra COW. eee Brat: Date of Milk, | Fat, | Fat, 


: but- in 

calving. lb. 7, lb. Fecal Ds TT 
PAO oc. es. ....| Native...| 3-20-02 | 2,398 | 3.92 94 109 195 
Pa 2 v7 ...| 38-81-02 | 2,843 | 4.31 122 §) 143° 1-230 
nl ar 4 ...| 2-20-02 | 3,895 | 3.70 | 144 | 168 | 240 
a 2 t ...| 38-25-02 | 3,937 | 3.80 | 149 | 174 | 225 
ae 5 4 -..| 38-13-02 |. 3,980 | 4.07 | 162 |) 189} 230 
OG 6 K »..| 1-21-02 | 3,848 | 4.23 | 163 | 190 | 235 
eee Ae Ses a re Py ...| 38-23-02 | 4,498 | 4.07 | 183 | 213 | 215 
SS) ae 5 = ...| 38-22-02 | 5,420 | 4.08 221 258 216 


It is perhaps well to compare the performance of eight of the poorest 
cows as well as eight of the best cows kept in different herds, and also 
compare the average production and profit of each herd tested. This 
is done to show the great differences, even among the poorest and best 
cows, and also the difference in production and profit between herds of 
cows kept upon the farms of Llinois. 


TABLE 17.—COMPARING THE PERFORMANCE OF THE PoorREST Cows KEPT IN 
DIFFERENT HERDs. 


; Net | Cost of | Cost of 
Cow. Herd. | ‘il ae eats profit or| 100 Ib. | 1 Ib. of 

: 0 a Naot loss. (| of milk.) fat. 
AS a en AY 1,482 | 3.97 68 |$-*17.83| $2.07 | 52.2c 
Oy oy i 2,721 | 3.96 126 — 1,27 .97 | 24.6c 
SS as ok “B” | 4,974 | 3.04 176 — 1.28 fU4 Bore 
Meee a AS Ly eS BOO Ww 5S 181 = 18} 1.03 | 22:4c — 
BAG sf bah hdl. 2? 3,461 | 3.19. 128 2.75 .62 | 19.5c 
MRS 3. Shs du em sori a ee OSE os OO 245 20.54 .54 | 13.9¢ 
Sel Saale Coe 3,644 | 3.96 168 
hye i re va fe a ULE Ra rs gt va 109 


* This is estimated on the basis that it took 140 lb. of butter fat to pay for feed. 
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TABLE 18.—COMPARING THE PERFORMANCE OF THE Best Cows KEPT IN 
DIFFERENT HERDS. 


: Cost of | Cost of 
Cow. Herd.|. MUK, | 23% | Ub, of) Net, (1001p) tae 
~ | Je" po butter, i prone frail aa 
sD OPER WL gate ee a eek ae 5,498 | 4.48 287 $34.77 | 29.7¢ | 6.6¢ 
INO LA Teor aurea tne oo Bs; 7,890 | 4.70 432 57.22 | 35.5¢ 7.5¢ 
STATIC G: scan Re ee eee “EK” | 7,828 | 4.41 403 49.97 | 39.1le | 8.8c 
MCPINCOSS ale cos tee ee gt ia 7,817 | 3.35 305 32.63 | 33.5¢e5) 10.0e 
SPOULY.NO.10)oakene. ae: me 0d Nig VL uu ces tat 288 25.32 | 40.7c | 12.6¢ 
Osea. Ss ete eee se 6,145 | 3.63 260 *18.40° | 50. fe asi7e 
Lueye. . SA eee Sia 2b pee 021 ah BO 323 
JESSIE: eek bx hs “HH” | 5,420 | 4.08 258 


* This is estimated on the basis that it took 140 lb. of butter fat to pay for feed. 


TABLE 19.—CoMPARING THE AVERAGE PERFORMANCE OF ALL THE Cows IN EACH 
OF THE HERDS TESTED. 


ERcae Net Cost of Cost of 
Herd Milk, lb. Fat, % 5 Pee profit or 100 lb. 1 lb. of 
utter. j : 
OSS. of milk. fat. 

OT MELE eee Re 3,361 355 139 $—4.54 92 .5¢ 25.8¢ 

2 nae ea aoe 5,360 Sao2 220 12,12 57 .0¢ 16.1¢ 

sil IB A SaaS 4,942 3.90 224 16222 55 .5¢ 14.2c¢ 

28 i Ries a8 5,846 Bros 227 18.58 42 .9¢e 12.9c 

12D Ra a eee 5,911 4.45 306 26.64 54 .9e 12 .3¢c 

HD Ger wae 6,474 4.19 Sie 35.80 43 .8¢ 10.4¢ 
et CEL ap roi 4,865 3.95 224 
Se a ae 3,852 4.02 180 


TABLE 20.—COMPARING THE RESULTS FROM THE Six Most PROFITABLE Cows IN 
Herp “D” witH THE RESULTS FROM FIvE OTHER HERDS. 


No. of cows Z Total Total 
Herd sere Lb. milk. Lb. butter. profit. loan 
Ry Te es 6 50,669 2,644 $296.97. 1. eee 
le: ace ek MESS 28 94,126 O09 DTA hi ee $127 .12 
CS Pine on Ne 20 107,217 4,409 242.41 |... ae 
A uae Seek Le 84,014 3,823 275.90: .|.2 2. eee 
Cates 4 ate 7 45,322 2,220 250.63 1.2556. 
rhe te: Hees 14 81,845 3,178 260..15° |): See 


This table simply shows that a few good cows will yield a greater 
It was found in herd 


profit than large herds of unselected animals. 
“D,” that fifteen of the best cows gave a profit of $651.94 while the 
other thirty-two cows gave a profit of only $600.24, or, the fifteen cows 
gave the owner $51.70 more profit than the other thirty-two cows. It 
shows very clearly that it is far better to keep a few very good cows 
than large herds of our ordinary cows. The work is less and profit larger. 
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_ This state lies with its northern boundary 25° south of the center of 
the north temperate zone, while the southern extremity is only 134° 
from the torrid zone. It extends over 54° of latitude, or about 380 

miles. It is situated mostly in the belt of hot summers and cold winters, 

_ but in the southern part the winters are temperate. The altitude of 
_. the state above sea varies between 320 feet in the extreme southern part 

to 1,257 feet in Jo Daviess County, the highest point in the state. The 

Ozark Ridge, extending east and west across the southern end, reaches 

_a height of 1,046 feet in the northwest of Pope County. This range of 

altitude is too small to affect the climate to any marked extent, although 

_ the Ozark Ridge does seem to exert some influence over the rainfall. 

The state lies entirely within the belt of prevailing westerly winds 
with its accompanying cyclones and anticyclones. To these “lows” and 
“highs,” as they are commonly designated by the weather forecaster, is 
due the peculiar climate of the state. Our weather changes are almost 
entirely caused by the passage of these across the country, and their 

; - importance requires more than a passing notice here. 


CycLongss, or Lows; ANTICYCLONES, OR HiGus. 

A cyclone, or “low,” is an area having an atmospheric pressure lower 
than the normal, due to the rising of air in that locality. Throughout 
this area the top of the column of mercury in the barometer (used in_ 
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measuring the pressure of the air) is lower than normal, hence the word 
“low.” <A “high” is, of course, an area where the atmospheric pressure 
is higher than normal and the term anticyclone is sometimes used to 
mean the same thing. 

~Low pressure areas are very large whirlwinds from a few hundred to as 
much as two thousand miles in diameter. These lows, or cyclones, are to 
be distinguished from the small, very violent whirlwinds or tornadoes 
that are so much dreaded. ‘The term cyclone is very frequently erro- 
neously applied to tornadoes but in the cyclone proper the wind rarely 
attains a velocity sufficient to do much damage. The usual move- 
ment of c; clones is in an easterly direction, at from twenty to thirty. 
miles an hour. During the cooler season of the year they pass more 
rapidly and are better defined than in summer. 7 


DiaGraM OF A WINTER CYCLONE, SHOWING PROBABLE CHANGES IN WIND, TEM- 


Puate I. 


RE, BAROMETRIC PRESSURE, AND WEATHER CONDITIONS. 
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The approach of a cyclone is usually indicated by the changing of 
the wind to a southerly or an easterly direction, by the appearance of 
white, stringy, or fibrous clouds, or by a general haziness that produces 
a halo or circle around the sun or moon. 

Plate I is a diagram of a “low” as it is represented on weather maps. 
The large arrow represents the direction of movement. The heavy 
curved lines are isobars and are drawn through places having the same 
atmospheric pressure. The meaning of the term “low” may be read- 
ily seen from this. The dotted lines are isotherms, or lines drawn 
through places having the same temperature. Small arrows point in 
the direction toward which the wind is blowing. ‘The circles and letters 

.indicate the condition of the weather, as, O, eat, 6, partly cloudy; 
®, cloudy; R, rain; S, snow. : 

One of the most important and noticeable changes that occurs during 
the passage of a cyclone is the shifting of the wind with its accompany- 
ing change in temperature. Let us notice some of the changes that take 
place as the different parts of the cyclone pass over different places. 
Let us assume a place, so situated that the southern part of the storm 
passes over it, along the line A B. (See Plate I.) 

Since a cyclone is a whirling storm the wind will not blow directly in 
toward the center of the low, but spirally, as could be shown by producing 
one of the small arrows so as to have it approach the center forming a 
spiral. At A in the “high,” the wind will blow from the north, but 
as the storm approaches it will shift to the south or southeast, and at 
_ the same time the temperature will begin to rise. As the storm passes 

eastward the wind will change to southwest, to west, and then to north- 
west, and the temperature will become lower until 25° is reached at B. 
_ If the storm pass over a place along the line C D, the wind will blow 
from the southeast till the center of the storm is reached, when it will 
suddenly change to the northwest with a lowering of temperature until 20° 
_ or lower is reached. If the northern part of the cyclone pass over a 
place along the line E F’, the wind will blow from an easterly direction, 
_ but as the center of the storm passes to the south there will be a gradual 
shifting of the wind to the north and northwest with a lowering of tem- 
perature. The easterly winds of this part of the storm are usually 
- accompanied by cold, steady rains in the warmer seasons, and by heavy 
snows in winter. The rainfall in the southeast part of a cyclone is usually 
in the form of local showers, frequently very heavy. Asa general thing, 
little rain or snow falls after the center of the low is past and the wind 
has shifted to the west or northwest. Clearing weather usually 
follows the passage of the center, and the rear of the storm is marked 
by cool, clear weather. The directions of the wind given above are 
greatly modified by the fact that the cyclone frequently comes from the 
‘northwest to about the Mississippi Valley and then turns to the northeast. 
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SourcgEs OF DATA. 


The data for this bulletin was very largely obtained from the records 


and publications of the Weather Bureau, and I desire to thank the 


directors of the stations, and especially the Chief of the Weather Bureau, 
for so kindly furnishing the data desired. ‘The records for some of the 
counties are fragmentary, and in many cases short, and eleven have no 
records; but the records obtained are so well distributed that a good 
average for the state, districts, and a very large number of counties 
has been obtained. For counties without records the averages have 
been obtained by taking the data from surrounding counties. In a few 
cases records have been taken from stations just outside of the state, as 
Dubuque, Davenport, and Keokuk, Iowa; Hannibal and St. Louis, 
Missouri; Paducah, Kentucky; Vincennes and Terre Haute, Indiana; 
and Beloit, Wisconsin. 3 


DISTRICTS. 


For convenience, the state has been divided into three districts, or 
sections, the northern, central, and southern. The boundary between the 


northern and central sections is formed by the county lines lying nearest: 
the parallel of 40° 40’, and that between the central and southern sections 


by the county lines nearest the parallel of 39°. 


TABLE 2.—AVERAGE RAINFALL BY YEARS' FOR THE DISTRICTS AND THE STATE— 


INCHES. 

District. {18721873 .|1874.|1875. 1876 .|1877 .|1878 .|1879 .|1880 .|1881 .|1882. 
Northern ().<. 35.15 34.72/27 .20|34 .85/40 . 22/38 .87|34 .92/29 . 70\37 .09/42 64/39 .23 
Central... .: 32.65/43 .17/382 .17|43 . 22/48). 67/46 . 12/43 . 18/22 .85/38 .02/48 .11|44.91 
Southern..... 30.05/49 .51/46 82/48 .48)54 03/43 . 23/43 . 25/438 .08/46 . 30/36. 73/55. 68 
Av. for state. ./83.32/40 35/32 .45/39 . 23/45 .47/41 .32/41 .07/33 .03/39 51/41 .94/45 .01 

District. 1888 .|1884 .|1885 .|1886 .|1887 .|1888 .|1889 .|1890 .|1891 .|1892 .|1893. 
Northern ....|40.72/40.07/38 . 56/28 . 88/31 .36/31 . 77/31 . 27/34 .09|/21 .46/41 .35/29 .90 
Central «i's 43 .40/39 .56/40 . 93/36. 12/33 .27/41 . 51/36 . 80/32 .82/31 .09|41 .27/39 .94 
Southern..... '51 .93/47 .55/41 . 34/388 .54/34. 64/42 . 13/40 . 96/48 .68/36. 10/39. 78/41. 40 
Av. for state. .|45 .06|42 .32/40 .02/34 .01/32. 71/38 . 21/35 . 88/38 .33/29 .62/40.02/34.11 

District 1894 .|1895.|1896.|1897 .|1898.|1899 .|1900.|1901 .|1902.| Av. 
Northertis.. <g2.ckes 26 .77|28 .04|34 . 76/29 16/41 .65)29 .03/34 .33)22 .95|47 . 22/33. 48 
Central rake oe 28 .36|32 . 75/37 .75|37 .03/45 .29/34 64/35 09/26. 19/41 . 56/38 .01 
mouthern 02h. cers: 31.77/34 91/39 . 23/45 . 63/53 . 62/38 .91/38 . 26/30 .34/35.03/42.19 © 
Average for state .. .|28.33/31.17|36.62/36.48/47 .39/33 .91/35 . 70/25 .00|41 .58/37.39 
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LENGTH OF RECORD IN YEARS; MONTHLY REcORDS—Continued. 


TABLE 3.—RAINFALL AT CERTAIN POINTS IN THE STATE. 
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TABLE 4.—AVERAGE MontTHLY RAINFALL IN INCHES. 


District. PUpor eral ee ier hee lereat | 080 We rasa? Berl ve 
rie ee ee ree at ele OM elem 

Northern ........ “+ |1.97|1 94/2 .72)/2.51/4.05|3 85/3 .67|2.97/3.21/2.04/2 23/1 .81 

hE ne 2 .27|2.28/3 04/3 37/4 .26|4 22/3 53/2 .69/3.27|2.04|2.89/2.24 | 
Poubern:. 2...) 2. 2 85/2 .82|4 42/3. 53)/4.06|4 29/3 37/2. 58/2. 74)/2.25|3 57/2 .80 
Average for State... |2.30/2.29]/3.28]3 .08]/4.13]/4.10]3.54/2.77/3.11|2.09|2.82]2.22 


RAINFALL OF THE STATE. 


NorTHERN District..—The word rainfall, as used in this bulletin, 
includes both rain and snow. The average for both state and districts 
has been obtained from observations made since 1872 and extending over 
a period of thirty-one years. The records previous to that date are too 
fragmentary for calculating yearly averages. Theaverage rainfall for the 
northern district 1s 33.48 inches. Since 1872, thirteen years have been 
below the normal, the lowest being 21.46 inches in 1891, and the next 
22.95 inches in 1901. ‘The greatest rainfall for thir district was in 1902, 
47.22 inches and the next in 1898, 41.65 inches. Of the entire rainfall 
about 17.4 percent falls in winter, 28.1 percent in spring, 31.9 percent in 
summer, and 22.6 percent in autumn. May is the wettest month, with 
an average of 4.05 inches, and is followed by June, with 3.85 inches. 
December has least rainfall, 1.81 inches. February and January coming 
next with 1.94 and 1.97 inches. The rainfall is very irregular, as is 
shown by Table 3. A month with a rainfall of not more than two 
inches may usually be considered a dry month, especially in spring or 
summer when the growing crops need a bountiful supply of moisture. 
During the eighteen years that observations have been taken at Syca- 
more, DeKalb County, seven Aprils, four Mays, and seven Junes have 
had less than two inches of rainfall; that is, have been dry. 

CrexTRAL District.—The central district has an average rainfall of 
38.01 inches. Since 1872, fifteen years have been below the average, 
the lowest being 22.85 inches in 1879, the next, 26.19 inches in 1901. 

The heaviest rainfall for this section was 48.67 inches in 1876 and the 
next, 48.11, in 1881. About 18.8 per cent of the total rainfall occurs in 
winter; 29.7 per cent in spring; 28.9 per cent in summer, and 22.6 percent 
in autumn. May and June have the heaviest rainfall, 4.26 inches, and 

_ 4,22 inches. October has the least rainfall, 2.04 inches, while December, 
January, and February have, respectively, 2.24, 2.27, and 2.28 inches. 
In this section about one-fifth of the Aprils, Mays, and Junes are dry, 
and about two-fifths of the Julys and Augusts. 

SouTHERN District.—The southern district has the greatest rainfall 
of any part of the state, the average for the past thirty-one years being 
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42.19 inches, with seventeen years below normal. ‘The least rainfall was 


30.05 inches in 1872 and the next, 30.34 inches, in 1901. The greatest 
rainfall was 55.68 inches in 1882 and the next 54.03 inches in 1876. 
About 21.6 per cent of the rain falls in December, January, and 
February, 30.6 per cent in March, April, and May, 26 per cent in June, 
July, and August, and 21.8 per cent in the autumn months. March is 
the wettest month with an average of 4.42 inches. June is next with 4.29 


inches. October has the least rainfall, 2.25 inches. Nearly one-sixth 


of the months of April, May, and June have less than two inches of rain, 
while about one-fifth of the months of July and August are dry. ‘The 
nature of the soil in this part of the state is such that a short drouth or a 
heavy rainfall produces more injurious effects upon the growth of cereal 
crops than in the central and northern parts of the state. 

ENTIRE State.—The average rainfall for the state is 37.389 inches. 
The least was 25 inches in 1901, the next being 28.33 inches in 1894. 
The greatest rainfall was in 1898, 47.39 inches, and the next was 45.47 
inches in 1876; 1882 and 1883 had about 45 inches each. The six most 
northern counties show an average of 11.3 inches less than the seven most 
southern counties. . 

A peculiarity in the distribution of the rainfall in the southern part 
of the state is due to the topography of that region. ‘The Ozark Ridge, 
spoken of before, extends across the northern parts of Union, Johnson, 
Pope, and Hardin counties with an average altitude of about 800 feet. 
This ridge causes a much heavier rainfall in these counties, amounting 
to 7.15 inches more annually than in the counties immediately north 
of the ridge. This difference is, of course, due to the greater condensa- 
tion of the moisture as the south winds pass over this higher region. 
Another rainy region occurs along the Wabash river extending north 
into Crawford County, giving to the counties along the river about three 
inches more rainfall than to those in the next tier west. 


This is probably due to the break in the Ozark Ridge, through which : 


the Ohio River passes. The moisture is carried through this gap without 


condensation, and is then rather uniformly distributed to the north. 
It shows what the condition of southern Illinois would be without the 
Ozark Ridge. A corresponding increase of rainfall, but not so noticeable, 
is found along the Mississippi River as far north as Madison County. 
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TABLE 5.—AVERAGE TEMPERATURE, MonTHLY AND ANNUAL. 
DEGREES FAHRENHEIT. 


a ee ee eS 
: . : o : any 5 i ° _- 

Counties.—Northern District.} d | 2/8 | 8 | ? Bae arene hig ions 
; fifi/2/2/2/21/2/2/2/8 || 8 |<3 
POW nog OP RGEC era 18 .4/20.8/30.8|46 .6|55.7|67 .0)72.1/69.8/61.7/49 .4/33 .9 22 .0/45.7 
WSRIGC ELE es en neh coh ose, eats ones she 23 .3/21.7/385.3)51.1/62.4/72 .2|76.0|73.5/65.7|54.7/38.1/25.7/50.0 
CHUA SS aa ee 20 .4|20.4/32 .5|48.4/59.8/68 .9/73.6/70.7/62 .8|50.6/35 .2)25.2/47.4 
TGS: 25 3S Se Se eee 23 .6/24 .8/34.0|44.2/54.6/66.9/72.5|71.1/63 .3/52.8/38.5 28.1147 .9 
MeL ey esis bie cise i aint ae oa 20 . 2/21 .9)32.4/47 .9|58 .8/68 .9/72 .6|69 . 7/63 .0/50.2/34.6 28 .2/47.4 
(Di fl PAR hae Bis eae ee 20.821 .6/33.4/48 .4/59 .2|69 .2/73 .6/71 .8|63.4/51.0/36.2)26.4/47.9 
SECU ro nis. Sern ie Ging lsiend coe ae 24 .9/24.1/36.9/50.5/62.0/71.6/76.9/73.6/65.3|54.0/40.1/29.5|/50.8 
AIRE AG B52 RO aa a 24 .0/23 .2|35 .6|49.7/61.6/70.9)75.4|72 .6/64.3/53 .0/39.4/30.2/50.0 
GNOCTSOD sch. peas 6 8 ela. 8 #6, 23 .3/22.1/36.6/51.5/62.6/71.3)75.5|73.2/65.5/54.2/38.4/31.5/50.5 
PMR Vas ec lien taeaisiecs Soecits Sie 22 .3/20 .9|35 .5/51.0/62 .3)71.1|75.3|73 .8|65 .6|53. 9/37 .0/26.8/49.6 
JOG TION esa ay a a ee 24.823 1/36.0/49.1/60.2/70.5/74.8)71.6/64.3/53.4/39.7\/29.1/49.7 
IOMUIAVICSS! soit. wes ae ae 19 .2\21.5/33.4/49 .0|60.6/69.0/77.1/71.8|63.4/52.1/35.4/34.4/48.9 
LRCUITEG LS a a ee 20 .3/22 5/33 .6/48 .5/59.5/69.8)74.2)/71.9|66.3/52.4/36.3)25.8/48.4 
SUR ACOs gett <= siete. les eee aime > 22 .4/22 .9|35.5/48.7/60.4/70.1/73.3/71.3/65.0|50.6/35 .7/30.4/48.8 
Pericles eiskc, she cicksia », seo ee tr4 6 19.7|22 .1|/40.0/47.4|57 .4/69.2/72.4/69 .4|63 8/48 .0/34.4/27 .4|47.6 
LEUeSRS, 2059S Baca eae 24.521 .4/35.5/50.9/62 .4|/70.9|75.1!73.1|67.0/53.8/39.0/24.3/49.8 
IKE Beier ers Geile ds «hades 23 .5|23 .1|82.2)45.8/55.7/65.1/70.5/69 .5/62.7|49.9135.8/29 .0/46.9 
LUGHEES Ie. Gee ee 23 .4/24.9|35.9/50.7/61.2|71.7/75.7/72.5|65.5|53 .8/38 .9/29.0|50.3 
BPO MEM Path aie cles clare wis! eion 8 22 .3/19 .6|33 .8/48 .8/60.8|69.9|74.6/72 .5|64.4/52.6|/36.6/24.7/48 4 
Livingston .... 125 .4|25 .0/35.1149 .9|60.6/70.5/75.8/72 .7|/65.4/51.9/39.3/30.6|50.6 
INR OTE COTY cn ea iene eee ea 18.5)19.7|30.8/46 .3|57.9|/66.4/71.8/69.5|/61.7/48.3/33.7/23 .4/45.7 
Mincisatiermetie., eis istscie ss +: 26 . 6/23 .5|35.8/52.4/62.0)71.4/76.5/73.3/65.0/53 .3/40.1/82.1|51.0 
"LSS ROSES 3 eee es eee 21.8/22 .5|35.4/48.1/61.4/70.8)75.4/73 .0/65.1/53.5|37.9|28.4/49.4 
(TSE “2 aeons Ss 21.019 .9|34.2/49.7|/60.3/68 .0/74.3/72.5/64.2/52.8/37.1/24.8/48.2 
PROT Te re ABE anaes love Yo oP 0 5 24 .6|27 .3|38.7|53 .4163 .6|/74.3/78 .3|74.8/67 .3|54.4/39.8/30.7/50.8 
Leis ied et ee a 21.6/25.8/35.1|50.9/59.6/70.9|74.1/72.4/64.6/50.7/35.4/30.1/49.4 
‘Geli CUB Wie Us iene en 21.7|23.1)35.0/45.2/61.0/70.5|75 .3|72 .6|64.6/53.3/37.7/27 .2/48.9 
nS ot dk een er 22 .7/20 .6|35 .8|50.9/61 .8|71.0)75.2|72 .8/66 .0/53.8/35.9|25.8/49 4 
REPDHECHSONY 4.0 5... sacs De 19.1/20.3/31 .8|47 .0|/58.5/69 .0/73 .3/70.9/63 .0|50.7/35.3/25.5/47.0 
\AV GEG (S11) 5 oe ae 23 .3/22 .1/36 .6/51 .5/62 .6|71 .3|75 5/73. 2165. 5/54. 2/38 .4/31.5/50.5 
WIRIEESIAG tail fadac cs Se ces 19 4/20 .9|32 .9/49.3/60.5|69.9/74.1/71.5/63 .0/51.2/35.4/24.9|47.8 
ANTE OS ah de ora 23 .2)23.1/35.5|50.0/61.8/71.0|74.8)72.4/64.5/52 9/39 .4|27.4|49.7 
MAME DATO entre fas .). sh eu 19.1/20.2/31 .8/47.0|58 .5/69 .0/73 .3/70.9|63 .0/50.7/35.3|25.5/47 0 
RS TOLU os soi. le fase. crse + 24 6/26 . 1/38 .0/52 .8/63.6/73.1/77.8|74.8/66.8)54.4 39 .8)29.9/51.8 
oO +2 Fs 2 . =| 

Counties.—Central District. | d | 2/8/58 |/2|8/23)/8)8/81/3)1¢8/88 
Sowa a Boss et a Ole he ea 

ANGI TS a Oe ae 28 .2/25.9/38 .5|52.3|64.4|72.5/77 .2|75.3/67.1156.3/41.5/28.8/52.3 
LRA 0 ee 27 .5|27 .0|387.5|54.1163.9|73.4|76.5|74.5/67 .1/55.8/39.5/31.8/52.4 
OOBUIN 00 [teas a 31.0)80.9)41.5/55 .1/64.5|74.7|77 .8/75.5/69.1/57 . 2/43 .4/33.4/54.5 
ERM eo a a's 27 .5/27 .0|37 .5|54. 1/43 .9|/73.4)76.5)74.5|67.1/55.8/39 .5|31.8/52.4 
PQA DAEN. Wa alee ss a oe 25 .5|25.9|37.6/51.2/61.6|71.8)75.6/73 .0|65.6/53 .3/39.7/30.4/50.9 
(CLUTTSUREN SS ee ae re 28 .2)28 .7|88 .3/53.3/63 .5|72 .8|76.7/74. 9167 .8/55 .4/42 4/32 .8152 9 
CLT iy Ea 29 .6)30.5|40.4/54.2/64.4|73.0\76.6/74.7/67 .5/55.6/41 .5|37.4/53.8 
COGS 2. Se Sean eee rr 28 .4/30. 2/40 .0/53 .6/63 .5|/72.9|77 .2|74.7|67 .9155.7|/42.5/32 6/53 .3 
ee WOrder ns , eke tes Sede ot 30.2)80.4/42 .6/54.1/64.0/73.6|77 .1/74.9|66.9/55.2/42.8/33.3/53.8 
mberiand::. 002... he ees 29 .6)30.5|/40.4/54.2/64.4/73.0)/76.6/74.7/6@7.5/55.6/41 .5|37.4153.8 
TINE US 0 2a 26 .3/25.2)39.1/52.6/63.7|72 .8|/76.5)74.1/67 .8/56.5/40.6/29.7/52.1 
| DDO CRENG) 9 ead en a 27 .9/24.8/39. 2/52 .5/63.1/73.1/76.0)74.8/67.11/55.2/41.1/30.4/52.1 
LG SPAT aN a ae 27 .6|27 .7|38 .1|52.0/63 .4|73.4|77 .4|75.0/67 .9/54.7/41.9|30.6/52.5 
Femetamee nce se eae s 29 8/27 .7|/42 .1/55.7/64.5/75 .2|77 .5|/76 .0/71. 2/58 .5/42.7/33.0/54.5 
RRM ey ee Lo 29 .4/28 .9/41.5/55 .4165.8/74.8|77 .7|/75.6/69.5|56.9|/42 .6|33.2/54.3 
LT OUUGN a 3 Nan 26 .3/22 .5|37 .8)/52.8/64.1/73.2)76.8)75.6|67.2/56.4/39 .9/28.8/51.8 
PROC Ma oho 5,5 och ga sve: elle 27 .0/29 .4|39 9/55 .4/63 .3/73 .5|76.7/'/4.3/67.2/54.7/41 .2/33.3/53.0 
VELLA ete en eae 24 .7|24.0|37.5/52 .5/59 .9|72 .4|78.6/74.6/66.7/55.0/39.2|/26.4/50.9 
LOADS 2 As er re 30 .2/30.4/42 .6/54.1/64.0/73.6/77 .1|74 9/66 .9/55.2/42.8/33.3/53.8 
Sa I ee 31.0/80.9/41 .5)55.1/64.5/74.7/77 .8)75 .5|69.1/57.2/43.4/33.4/54.5 
CRIED 8, os 3s aie RO 27 7/27 .3/38.7/52 7/62 .2/72.2/75 .2|73 .5|66.8/55.8/40. 8/31 .9)52.1 
LU ISTERR, 5 coasts Gi Wage ar 27 .5/25 .6|40 .2/53 .3/64.0/73.3|76.3)75.0/67 .9156.7/41.2/30.5/52.6 
MUMCOUIME ooh. sk ke Ss ws 29 .7/28 .9|41 .2)54.6/64.3/74.0/76.9|/76.3|69.6/57.6/42.2/32.3|54.0 
Re error 0 2s nh we aa ose 25 .4/23 .3/38 .6|53.3/64.2|75.2!77.1176 3/67 .4/56.4/39.0/29.2/52.1 
OS eee ae 25 .0|24.8/38 .0/52.0/63 .3/72.4|76.6|73 . 1/67 .6/56.4/40.0/28.9|51.5 
UOMO 05.6.0 Ai, aoe tol ee eee 27 .8|27.7/39 .9|53 .4163 .8/74.2|77 .5|75.9/69 .0/57 .8|40.8/31.5/53.3 
Oe Fie ae 26 .8/27 .7/39 .5|53 . 4/63 .3)73 .0|76.8|74.4/67 .5|57 .0/41 .0/31.8/52.7 
Montgomery ............... 30.8/28 .2|41 .3|54.6/67 .6)/74.1|/77.6|76 .9|69.4/58.2/43 .8/31.5|54.5 
(CLYSEN DE ch Vd ae 29 .0|26.6|39 .9/52.7/64.6)73.7|77 .8|/76.9|67 .9/58 5/43 .0/29.7/53.3 
SE ee eae 25 .3/24 4/37 .1|/50.5/61.9/69.7/74.11/71.5|66.1/53.2/39 .9/28.6/50.2 
No SE eee ea 25 .2/24 .0/36.3/50. 2/61 .2/69 .9|74.1171.4/65.3/53 .0/38 .3|28.4/51.3 
ee cen ia os 28 . 2/26 .8)39.8/54.3/64.1/73.4/76.7|75.2|68.1/56.9/40.4/31.4|52.9 
rr 26 .4/29 .4/39.2/53.4/63.1/72 .0|76.4|73 .9|/66.8/56.7/41.4/32.0/52.5 
ee 26 .7/26 .4|38.5/53.8/63 .6|74.1)76.0)74.0/65.2/55.5/39 .4/31.9/52.1 
ME ce ke a oe baie sy ets 29 .0|26 .6|39 .9|52.7|64.6|73.7|77 .8|76 .9/67 .9/58 .5|43 .0|29.7/53 .3 
se A i ae 25 .8|29 .2|38.9/53 -6/63 .8|72 .7|77 .0|74.8/67 .3|/54.5)/41 .5/33 .2|/52.6 
Memowel ee es 27 .0|28 .5/39.4/53.3/63.1/74.0)76.5/73 .9/68 .0/56.4/40.1/31.7|52.6 
re 26 . 4/26 .9|38 .6|51.7/62.2|/72.4|75.7|73.4|/66.2/54.0/39.7/30.2/51.4 
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TABLE 5.—AVERAGE TEMPERATURE, MONTHLY AND ANNUAL. 
DecrReES FAHRENHEIT.—Continued, 


plies : Oo") P| Rais bb 3g ie 
Counties.—Southern District.| 2 | 2 a 5 aid 24 5 a | s o | o | 4s 

Sm (es pat | 1 fe peo eee 
(AlOXanCera cn he ae eee 35.4188 .4/46.8/55.2165.4/75.6/79.1174.2/70.6/58 .9|46. 7/39 .4/57.1 
IB ONG 215, os ectarske oes ee 29 . 2/29 .8|41.0155 -2|66.5|74.5|77 .7|75. 5168 .4/56 .0/42 .5|33 .9/54.2 
CTA yard ce cee an Rees 29 .9/32 .3/40.8/55.1/63.6|73.2|/76.4|74.3167.7/54.9/42 .9/35.5/53.9 
Clintons i.e oe ee 30 .5|30.0/41.7/54.9|66.4|74.5|77 .8]75 . 9/68 .9/56 .8|42 .9|/33.9|/54.5 © 
IDA Wards) cee stasis ee oe ee 32 .3/30.1/43.5155.7/66.4/75.1178.4/76.8|69.3/57. 2/44 .5/33.91|55.3 
Eran lin: oie es Genie es 33.3133 .5|/44.7156.6/66.7/75.6/78.8|77 . 2/69 .5157 .3/45.1/386.4|55 .2 
Gallatin h.c ceo eee 34.6133 .5/44.7|56.1/66.5/76.0|78 .9]77 . 9171 .2|57 .6|46.6|35.9|56.6 
Familtonds. <p Peeicne 82 .5134.3/42 .9|56.0/64.9/74.8/78.2|75.9/69 .1/56.7/44.7|37 .1|55.6 
Aarcine see ee ee Secs 35 .5184.0/45.5157.3/67 .2|76.3/79.7|79.7/66.4/59 . 2147 .2|38.1|57.2 
WAGKSON 3. 5 See oh ae ee 82.7133 .3/45.8/58 .1168.4|77.5|/79.2/78.7/70.2|58 .0|44.1/36.5|56.9 
Jefierson 2... cate cee 32 .9/30.6/43.1/54.4/66.3)75 .2|78 . 2/76 .9/69 .9/58 6/43 . 2/33 .5|55.2 
Wohtson. ts kes ee eee 36 .0/33.2/46.3157 .8/68 .6|76.4/79 .9|79 . 2/72 .5|60 .0/48.1|36.4157.9 
DAWrenc@ merce ere. 31.41380.8/40.7/55.3/65 .8/75.5!78 .4175.6169.7|/56.8|/43.7\/35.3|54.9 
Madison &4o tists ase Oe 28 .3/31.1/41.1155.3/65.4/73.4/77.4174.8/68 .4155. 7/42 .5|34.6/54.0 
INariOn Ses sce ee Cae ee i 31.3/32 .6/41.6/56.3/64.8/75.3|77.7|73.2|/66.9/55.2/41 .4/36 .3/54.4 
Maasaee SO Gaudror a ees eee 87 .4135 .9/49.0/59.1/69.9|78.5/81.6/80.8/74.0/62 .0/48.1/39.2|59.6 
IMOnTOCG >. sete ee re ee 82.432 .8/43.5156.3/65.5/74.1/77.4/75.7/69.3/59 .5|44.4/34.6|55.4 
PETRY cy oe Sra Bee ee. 32 .9/31 .4]44.1/55.4/67.2/75.8)/78 .2|77 .9|71 .1/59. 3/46 .2/33.3|56.1 
POD Grom ee ee ees 35 .3/35.2/42 .2|58.1167 .0176.2/79.4|78 .0|71.5/62 .5/47 .0/38 .9|57.6 
RUBS kat rs ce es ee eee 35 .4/38.4/46.8/55.2165.4/75.6/79.1171.0|/70.6/58 .9|46.7/39.4/56.9 
Randolphareecn oi seems 32.4132 .8)43 .5156.3/65.5/74.1177.4/75.7/69.3/59 .5|44.4|34.6/55.4 
Richland ayes ow ee eae 31.4/382.1/42.6|54.9/65.3/75.3/78.1/75.8)/69.0|56.0/43 .4/35.6|54.9 
Str Claire ee eee a ee ee 30 .9/33.2/43.3|56.5/65.8/75.4179 . 0/78.7/69.8/57.1/43.1|34.9|55.6 
Saline Pia gets eee eee ae 34.6133 .5|44.7|56.1/66.5/76.0|78.9|77 .9171 .2|57 .6/46.6|35.9|56.6 
UNION eee ie es Oe eee 32 .2/33 .0|45.0/56 .8/67.4/75. 1/79 .0/77 .9|71.6/61.0/47 .5|35.1/56.8 
Wiabash  iecet orate ae poker 32 .6/31.9/43 .2/55.0/65.2/74.9/77 .9|76.6|68 .9|56.5/44.4/34.1/55.1 
Washington =e en eee 32 .0/31. 2/43 .2|54.8/65.4/73.5]77.1/76.1169 .3|57 .3/43.3/35.6|54.9 
ELVTIC ya; RN eS emcee el aoe 32 .9/30.1/43.5/55.5/66.3/74.7|/77.9|76.7169.5157 .9|45.1/383.8|55.3 
SW hiteshy fr vote Steere eee oye yee 34 .6/34.2/44 .2'56.6166.6|76.6/79.0177 .8/71.7|57 .9|45.0/36.3/56.7 
Walliamsones ce ee ae 35.8131 .5/45.9/53.1168.7/72.3|80.0179.3/72.0/60.9|/48.4/35.8/56.9 


TABLE 6.—AVERAGE MonTHLY TEMPERATURE. 


o 2 2 . hte 

d|2}/ 8) 81-2) 9) 2) 2) 8) eee eee 

Sle ls |e) Ss 8 18 la | a) ose 

Northern District PRAY pose Eee, 22.1122 .7|34.7/49 .5|60.3/70.0/74.6/72 .1164.5150.7/37.2/27.8/48 9 
Central District oS ae 27 .8|27 .4|/39 .4/53 .4163.7/73 .2|76.7|74.7|67 .6/56.0/41 .2/31.5/52.7 
Southern District ........... 32 .9/32 .8|43 .8|56.0/66.4/75.2)78.5|/76.6|69 .9|58 .4/44.7/385.8/55.9 
Average for state............ 27 .4\27 .3/39 .2/52 .8/63.3|72.7|76.6)|74.4/67 .1|55.0/41.0/31 .5|52.3 

eF 
TEMPERATURE. 


The state is subject to varying extremes of temperature in short 
periods of time, due to the passage of cyclones, as has been already 


explained. ‘The average temperature for the state is 52.3° Fahrenheit. 


There is a gradually increasing temperature from 46.9° in the northern 
tier of counties to 57.6° in the southern, or a difference of 10.7°. The 
three summer months for the northern counties compared with the most 
southern ones are about 7° cooler, while the winter months are about 
17.2° cooler. The temperature is more uniform in the southern part, as 


may be seen by comparing the average monthly temperatures for the. 


northern and southern districts. The differences between the January 
temperatures of the two districts is 10.8°, while for July it is only 3.9°. 
The average summer temperature for the northern district is 48° higher 
than the winter, while in the southern part the summer is 44.4° higher 
than the winter. 


“om 


—- 
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NorTHERN District.—The average temperature for this district is 
48.9°. The coldest month is January, with an average of 22.1°, while 
February has 22.7°. July has the highest average temperature, 74.6°, or 
52.5° above January. Boone and McHenry counties have the lowest 
monthly average, 18:4° and 18.5°. The lowest recorded temperature was 
at Riley near Marengo in McHenry County, 31° below zero, in January, 
1884; and at the same place, nineteen winters have had temperature of 
20° or more below zero since 1870, and during every winter since that time 


the temperature has been at least 10° below zero. The average of the 


lowest temperatures observed at the different stations in 1884 was 25.6° 
below zero, and 1898 is the only year in which the average of the lowest 
temperatures was higher than 10° below zero since 1872. The year 1875 
shows the lowest annual temperature, 43.9°, or 5° below normal. The 
extreme range of temperature for this section is 143°. The average 
annual range is about 115°, varying from 100° to 128°. The seasonal 
range of temperature varies with the season, the average being about 75° 
for winter and 53° for summer, the spring and fall months varying between 
these. The highest temperature recorded was at Ottawa, 112° in 1901, 
and this summer was the hottest shown by the records, not only of this 
section, but of the central and southern sections. 

CenTRAL District.—The records in this part of the state are not as 
complete as for the northern part, very few extending as far back as 
1882. The average temperature for this district is 52.7°. The extreme 


range of temperature is 139°. The average annual range is about 109°, 


varying from 95° to 130°. The seasonal range is greater-during winter, 


~ being about 75°, varying from 60° to 92°, while for summer, the average 


range is about 50°, with a variation of from 40° to 68°. The coldest 
month is February, 27.4°, with January 27.8°, while the average for Decem- 
ber is 31.5°, or one-half degree below freezing. ,The lowest temperature 


_ recorded in this region was in January, 1884, 28° below zero, and the 


~ 


highest was 112° in 1901. The average of the lowest temperatures for 
this district was 24.7° below zero in 1884, which was only about 1° above 
the same average for the northern district. At Springfield, since 1880, 
only three winters show a temperature of 20° or more below zero, and 
thirteen show 10° or more below. 

SOUTHERN District.—The records for this district, with the exception 
of Cairo and St. Louis, extend no further back than 1887. The average 


temperature is 55.9°. January and February have almost the same 


_ average temperature, 32.9° and 32.8°. No month in this section shows 


an average temperature below freezing. The lowest temperature ob- 
served was in February, 1899, 23° below zero in Randolph County, while 
the average lowest temperature for this year was 18.7° below. The 
highest temperature recorded was in Marion County, 115° in July, 1901, 


and at several places 112° and 113° were observed. The extreme range 
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of temperature is 138°, and an annual range of 128° has been known, 
although the average is about 103°. The winter range of temperature is _ 
about 75°, varying from 50° to 90°, while the summer range is about ie 
with variations from 32° to 67° 


F Rost. 


Data for the time of the last killing frost in spring and the first 
in autumn have been collected and the average time of frost for each . 
district has been found and is shown in the accompanying table. 


Average date for Average date for Days 
Districts. last killing first killing between 
frost in spring. frost in autumn. killing frosts. 
Northerns - 96.05, 2 an April 29 October 6 160 
Central onc meetin ee April 21 October 10 172 
southern 22... fee April 14 October 18 187 


From the table we see that the season without injurious frosts is 
nearly two weeks longer in the central and four weeks in the southern 
than in the northern section. The average length of time between 
killing frosts in the northern tier of counties is 155 days, while that of 
the seven southern counties is 195, or 40 days longer. Springfield gives 
173 days between frosts, the average for spring and fall frosts being 
April 24th and October 14th. This is about the average for the central 
section. 


TABLE 7.—PERCENT OF TIME DURING WHICH THE WIND BLOWS FROM THE 


Dr1rEcTION INDICATED. aan 
December January, and February. March, April, and May. 
Districts. ; = % ea] (eal = i ica] a | 7 
Pas s S M : sue Zz, : = mM eal is 
Zi = oo D2 A 4a pa n Z : 
Northern... . 2.4/45. 27.8|16.2| 4.5, 1.5| .3| 1.8| 6.7/23.7| 9.3|16.5|11.6| 7.1, 7.617.4 & 
Central ...... 1.7/63.2)-9.1}12.3]) 8.3) 4.4 aes .8| 6.4/27.4] 6.4|15.5)14.5 15.6) 4.3 9.9 ‘ 
Southern .... ./15.3/37.1) 7.8] 9 8)/24.4) 3.1 .8| 1.6/11.3/16.4| 4.4/16.3/32.8/11.3)] 1.5] 6.0 : 
June, July, and August. September, October, and November. : 
Districts. yb Pe tg lige es Ne - | abv : fea] Pee a= ¥ 
OF ihare “tilts Wel hae deed ool ae : Ew ho - a 
Z = n ) Pees Z . D a) et z 
Northern..... 3.8/10.1) 5.1135.5/15.3] 8.0} 8.5/18.5) 3.1/19.2/10.5)/28.6/24.5) 8.2) 1.6) 452 
Central ...... 3.0} 4.5) 1.4/43.5/21.7|10.7| 3.0)12.0] 2.8)19.6| 4.2/27.6)26.3)16.8 i, pas | 
Southern .....| 5.4 8 1.8/34.4/40.6) 6.7) 2.2) 8.1) 8.4/13.9| 3.0/17.2/42.3)11.3 -7| 3725 
YEARLY SUMMARY. 
e ele le hee eo 
Districts Z = a a ca} 
Northern: S26 on coe ees ee ee See tee ee 4.1/23.9|12.8/24.3/14.3) 6.2] 4.7) 9.4 
Central sce thtet Sa Seen Bee a eee 3.5/27.8) 5.0}/24.4/17.9/12.9) 2.1) 6.3 
Southern:.7.95 0. oe Se ee ee ee ee eee 10.1/16.8]) 4.2)19.4/35.2| 8.1) 1.4] 4.8 


- 
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TABLE 8.—AVERAGE HourtLy WIND VELOcITY IN MILEs. 


nos gts | | | me | et ee Be | EB Se | eR 
Pea a ea Se ate | Onde | ial at ® 
Chicago ...... 13.5/14.3/14.8/14. 3/13 0/11 .0/10.9/10.6/12 4/13 .0/13.9/13.9)12.97 
Davenport ....| 8.5] 9.2/10.3]10.6] 9.0} 7.4| 6.4] 6.0| 7.5] 7.9] 8.7] 8.5] 8.33 
Dubuque ..... -5.8| 6.1| 7.2} 7.2] 6.2] 5.4| 4.7] 4.4] 5.21 5.6] 6.0] 5.6] 5.8 
Hannibal ...... | 9.6/10.0/11.6]11.0] 9.5} 8.1] 7.5| 6.8] 8.2] 8.7| 9.8] 9.7| 9.2 
Keokuk... .... 7.8| 8.2] 9.4] 9.0] 7.5] 6.5| 5.9] 5.4] 6.4] 7.0] 8.0] 8.0) 7.4 
Springfield ... . /10.1/10.7/11.3|10.6| 8.7| 7.4] 6.7| 6.5] 7.9] 8.8/10.0|10.1] 9.1 
ee 8.6] 9.3/10.5| 9.4] 7.6| 675| 5.5) 5.3) 6.0] 6.4) 8.4] 8.7] 7.7 
Pe) Louis... .. - 11.2|11.4/12.1/11.3] 9.9] 8.9) 8.2] 8.1] 8.6] 9.7|/11.1]11.1/10.1 
og WIND. 


DIRECTION AND VELociITy.—The state lies in the belt of prevailing 
westerly winds in which the general atmospheric movement is from west to 
east, yet the presence of the cyclones of this belt causes great variations, 
- both in the direction and velocity of the wind. The wind direction has 
been determined for seasons and not for months. The velocity is given 
in miles per hour and was obtained from the published records of the 
weather bureau stations within the state and the five along the Missis- 
sippi River. The velocity was determined by the anemometer, but 
comparisons are very difficult, because of the varying heights of the 
instruments above the ground. At Chicago the anemometer is 274 feet 
above the ground, at St. Louis 210, and at other stations as low as 79 
feet. As a consequence, Chicago shows the highest wind velocity and St. 
Louis next. The velocities given are taken from Davenport, Iowa, for the 

northern district, Springfield for the central, and Cairo for the southern. 
= ‘The velocity of the wind is greater during the cooler months of the 
year, February, March, and April being the windiest months, while July, 
August, and September have the least atmospheric movement. The 
season of this increased velocity is very significant to the agriculturist, 
increasing, as it does, the amount of evaporation. In some cases the 
soil may need to be dried and then it is a benefit. 

The direction of the wind for the northern section is southerly for 
45 percent of the time, while it blows from a north, northwest, and 
west direction 41 percent of the time, giving a prevailing southerly 
wind. In the central region the southerly wind blows for 55 percent of 
the time while the colder winds from the north, northwest, and west 
blow about 36 percent of the time. In the southern section the colder 
winds blow for 31 percent, while the southerly winds blow for 62 percent 

of the time. 
| 1. Winter Montus.—During these months the northwest wind is 
the most frequent in all sections of the state, blowing for 45 percent of 
the time in the northern, 60 percent in the central, and 37 percent in the 
‘Southern district. In the northern section the west is next in frequency 


~~ 
xs 
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to the northwest, while in the central the southwest wind, and in the 
southern, the south wind are next in frequency. The east and northeast — 
winds are unimportant. The velocity of the winds is quite high, 
being 8.7 miles an hour for the northern, 10.3 miles for the central, 
exceeding slightly the velocity for the spring months, and 8.9 miles for 
the southern section. This makes the winters of the central section 
slightly more disagreeable than those of the other sections. 

2. Sprina Montus.—During this period the northwest wind is most 
frequent in the northern and central sections, while the south wind blows 
for about one-third of the time in the southern part. The northeast 
and east winds assume some importance during these and the summer 
months, owing probably to the courses of the low areas being farther south 
and bringing the state, and especially the northern and central parts of 
the state, oftener into the northern part of cyclones where the easterly 
winds prevail. The southerly winds blow for about 35 percent of the 
time in the northern part, 45 percent in the central, and about 60 per- 
cent in the southern. The velocity of the wind is at its highest during 
these months, the average in the northern part being 10 miles an hour, in 
the central 10.2 miles, and in the southern 9.2 miles. April has the 
highest velocity in the northern part, and March in the central and south- 
ern, being 10.6 miles, 11.3 miles, and 10.5 miles for the different sections. 
These high winds are apt to have a bad effect upon the unworked soils 
rendering them cloddy, especially during the frequent dry spells of spring. 

3. SUMMER Montrus.—During this time the southwest forms the 
most frequent wind in the northern section, occurring 354 percent of the 
time, and also for the central part, occurring 4384 percent of the time. 
In the southern part the south wind is prevalent for 404 percent of the 
time with the southwest 34 percent. In each division the east and north- 
east winds are still important. The'southerly winds are prevailing ones 
during these months, blowing 59 percent of the time in the northern 
district, 76 percent in the central, and 82 |percent in the southern. © 
The velocity of the wind is least during the summer, being about 6.6 miles — 
an hour in the northern part, 6.9 miles in the central,’ and 5.8 miles in 
the southern. August shows the least atmospheric movement of any 
- month during the year. 

4. AutuMN Montus.—The northwest wind becomes more frequent 
during this time, but the same ones are predominant asin summer. The ~ 
northeast winds have become less frequent until they blow only 4 per- — 
cent, 2 percent, and 3 percent in the north, center, and south, respec- 
tively. The southerly winds occur for 61 per cent of the time in the © 
northern part, 71 per cent in the central, and 70 per cent in the southern. 
The velocity of the wind increases during this time until it becomes 8 — 
miles for the northern, 8.9 miles for the central, and 7 miles for the 
southern part. | 
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TABLE 9.—DayYLIGHT CLOUDINESS IN PERCENT. 
NORTHERN DISTRICT. 


Station a eee = Be b Ps & ete ae > 3 3 g, 
= eo) > 

Sjele late ts tetalealots tapas 

Chicago ...... 60 | 57 | 57 | 50 | 49 | 46 | 36 | 42 | 43 | 48 | 59 | 61 | 51 

Davenport ....| 54 | 56 | 58 | 55 | 52 | 50 | 42 | 43 | 44 | 46 | 56] 58 | 51 

Dubuque ..... 51 | 54 | 55 | 53 | 52 | 50 | 41 | 42 | 45 | 48 | 54 | 59 | 52 

Moe. 55156 | 57153 | 51 | 49| 40 | 42 | 44| 47/56/59 | 51 
CENTRAL DISTRICT. 

Hannibal .....| 52 | 54 | 58 | 53 | 45 | 42 | 35 | 33 | 38 | 38 | 51 | 56 | 46 

Keokuk....... 47 | 48 | 53 | 49 | 45 | 43 | 35 | 33 | 36 | 36 | 46] 51 | 44 

Springfield ....| 56 | 57 | 60 | 56 | 53 | 54 | 43 | 40 | 41 | 41 | 53160] 51 

Average ...... 52 | 53 | 57 | 53 | 48 | 46 | 38 | 351 38] 38] 50| 56 | 47 
SOUTHERN DISTRICT. 

aire fe... os. 59 |59 |57 | 54 |51- [52 | 45 /41 | 42 | 40 [55 |60 | 51 

St. Louis... . 51154 |50 '| 48 146 41 | 37 |88 | 36 | 36 [48 [47 | 45 

"Average ...... 55 |56.5/53.5) 51 |43.5/46.5| 41 [39.5] 39 | 38 |51.5/58.5| 48 


TABLE 10.—SHOWING WHAT PERCENT THE ACTUAL SUNSHINE IS OF THE POSSIBLE 
SUNSHINE OF THE PLACE. 


CHICAGO. Kant 
: a3 x © : y 2 Ss Hg) 
¢q ae) 5 5 - q te! op ah 2) 2 S) D & 
facet et eee SS he |B) Obs halla 
|S See aaa Digeol | oan Ose Os eid. f OO a(a| 10) 43-). a7 -| 45 60 
(in 46-|- 671-68 | -68°|°73 1-83 | 82 | 79.) 86:| 77 | 4b} 28 66 
cS Oana 35 | 55 | 65 | 637| 78-| 84 | 66 | 82 | 56 |,63 | 36 | 28 59 
OOS Sea BS. 312)-50 1-49° 1°62 j-52/ 1. 594) 54 ) 71.) 72 | 32 | 380 50 
1898 .........| 48 | 44 | 57 | 54 | 5% | 50 | 76 | 63 | 58 | 26 | 49 | 51 53 
Beno. ei Ss AQ 42 a2 og) GLol oi) 4-66) 75-41-64 (SE 1°38) | 37 53 
MOO te. ees 37 | 47 | 41 | 61 | 56 | 63 | 60 | 60 | 57 | 66 | 40 | 38 52 
MEET ats ss Ac) G6e \esOwl OF... G0 69 p71 D6 |) 67. | 69.) 52.1 40 58 
NS aa 61.| 58 | 56 | 67 | 65 | 58 | 59 | 67 | 48 | 67 | 41 | 33 57 
Average...... 46 | 52 | 51 | 62 | 62-| 67 | 70 | 68 | 63 | 59 | 44 | 37 56 
ST. LOUIS. 
cat) Sa 63 | 75 66 | 91 | 82 | 838 | 76 | 71 | 64 | 56 
JOS Se ree Oe aok OO iad SO 7 24,610 )76-) 824079 Lol. 48"). 69 
Ae cs os. 48 | 50 | 58 | 72 | 74.| 71 | 72 | 81 | 60 | 79 | 46 | 57 |- 64 
Bees ek ys 56 | 48 | 46 | 52 | 75 | 69 | 81 | 81 | 90 | 88 | 52.| 29 | 64 
ae 50 | 63 | 52 | 65 | 68 | 80 | 75 | 76,| 82 | 72 | 50 |-49 | 65 
URIs. 5. 5Y | 49 | 71 | 68 | 72) G1 | 75 | 80 | 65 | 67 | 58 | 51 64 
A Stee ae aa 64 | 58 | 49 | 64 | 70 | 78 | 79 | 75 | 78 | 75 | 80 | 44 | 68 
eee... COgbol\ olerO0 Obst O04) 7oslzpcelor D9 (aos PaO aD a 
mverage...... 58: \-oe | 59°) 66 | 71icl 73 | 75-|-75 | 74 1 #5 | 55 | 46 65 
KEOKUK. 
ae a 56k 70 |30.| 54° G2 63a. b 73) 75. (67 165°) 69 | 38, G14 
Bee. 63716) 7/439.) 657) 542) 40 5 59-) 50-4 55.) 701) 36} 34 | 52 
SPRINGFIELD. 


ae .| 59 | 53 | 47 | 63 | 62 | 58 | 76 | 62 | 53 | 66 | 42 | 35 | 56 
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CLOUDINESS AND SUNSHINE. 


For many years the weather bureau has been collecting data that 


will give a close estimate of the daylight cloudiness.- Table 9 gives 
‘the results of these observations expressed in per cent. November, 
December, January, February, March, and April are the cloudy months of 
the year. The northern part is cloudy during 56 percent of the day- 
light, the central and southern about 534 percent; or in other words, the 
northern section has about five more cloudy days than the other sections 
during the months named above. The percent of cloudiness is much 


less for the other months of the year, the northern having 454 percent, 


the central 404 percent, and the southern 42 percent. A large amount 
of cloudiness is not. necessarily accompanied by a heavy rainfall, but 
cloudy, and consequently cooler weather is very important in the develop- 
ment of some crops. December is the cloudiest month of the year for 
the northern and southern parts, and March for the central, although 
December is-only 1 percent less. July is the clearest month for the north- 
ern, August for the central, and October for the southern part, with July 
and August only 1 percent less. Table 10 gives the percent of sunshine 
at some of the stations. At Chicago the sun shines 56 percent of the 
time that it is possible for it to shine. At St. Louis the average sunshine 
is about 65 percent. At Keokuk and Springfield the sunshine recorders 
have been installed but a short time, so that no average can be given as 
yet. It is interesting to compare the sunshine records for 1901, a very 
dry year, with those for 1902, one of excessive rainfall. 


GENERAL SUMMARY. 


The succession of weather changes is due almost entirely to the pas- 
sage of cyclones and anticyclones, or lows and highs. 
The approach of a cyclone is usually indicated by the changing of the 


wind to a southerly or an easterly direction and a circle around the sun ~ 


or moon. 


If the southern part of a cyclone pass over a place the wind will — 


. at first be from the southeast or south, and will gradually shift around 


to the southwest, west, and northwest accompanied by a lowering of tem- — 


perature. The rain will come in showers. ? 
If the center of the cyclone pass over a place there will be a sudden 


shifting of the wind from a southerly to a northwest direction as the — 
center of the storm is passed. The rainfall may be either showers or — 


steady rain. 

If the north part of the storm pass over a place the wind will blow 
from an easterly direction and will shift through the north to the north- 
west, with lowering of temperature. The rain will be a cold, steady 
rain, if in the warmer months, and snow, if in winter. 


4 


¥ 


a 


d 


. 1903.] CuimaTe oF ILLINOIS. | 71 


The rainfall for the northern district is 33.48 inches, the least being 
21.46 inches in 1891, the greatest being 47.22 inches. 

Seventeen and four-tenths percent of the rain falls in winter, 28.1 
percent in spring, 31.9 percent in summer, and 22.6 percent in autumn. . 
May is the wettest month. a 
; The rainfall of the central district is 38.01 inches. ‘The least rainfall 

was 22.85 inches in 1879, the greatest, 48.67 inches, in 1876. Eighteen 

and eight-tenths percent of the total rainfall occurs in winter; 29.7 

percent in spring, 28.9 percent in summer, and 22.6 percent in autumn, 

May has heaviest rainfall. 

The rainfall of the southern district is 42.19 inches. The least was 
30.05 inches in 1872, the greatest, 55.68 inches, in 1882. About 21.6 
percent falls in winter, 30.6 percent in spring, 26 percent in summer, and 
21.8 percent in autumn. March has most rain. 

The average rainfall for the state is 37.39 inches. The least was 
25 inches in 1901, the greatest, 47.39 inches, in 1898. Six northern 
counties have 11.3 inches less than seven southern counties. The Ozark 
Ridge in the southern part of the state makes the rainfall of the counties 
in which it is situated 7.15 inches more than those immediately above 
the ridge. A rainy region is situated along the Wabash River up as 
far as Crawford County. The average temperature for the state is 
52.3° F. Northern tier of counties 46.9°, southern counties 57.6°. 
Northern summers are 7° cooler than southern, while northern winters 
are 17.2°_cooler. 

The average temperature for the northern district is 48.9°. January 
is the coldest month, 22.1°, July is the hottest, 74.6°._ Lowest tempera-’ 
ture recorded 31° below zero. The extreme range of temperature is 
143°, average annual range about 115°. Highest temperature in summer 
of 1901. : 

The average temperature for the central district is 52.7°, the extreme 
range being 139°; the average annual range being about 109°. Lowest 
temperature recorded was 28° below zero in 1884, highest 112° in 
1901. 

The average temperature for the southern district, 55.9°. Lowest 

_ temperature observed was 23° below zero, in February, 1899, the highest 
being 115°-in 1901. Extreme range is 138°, with average annual range 
about 103°. 

The average date for the last killing frost in spring is 15 days later 

in northern than in southern part, and the date for the first killing frost 
in fall is 12 days earlier than in the southern. The difference between 

— dates of last killing and first killing frosts for extreme parts of state 

is 40 days. 

4 November, December, January, February, March, and April are the 

_ cloudy months of the year, being cloudy for 56 percent of the daylight 
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in the northern, 534 in each of the other sections. The other months of 
the year are less cloudy, having 454 percent in the northern, 404 in the — 


central, and 42 percent in the southern. December is the cloudiest month 
for the northern and southern parts, and March for the central part. 


METEOROLOGICAL SUMMARY FOR THE EXPERIMENTAL STATION. 


- Rela- s1 No. of 
1889. TEMPERATURES. pert br tive, ae Rone partly BS bie 
Max. Min StiMean: inches. See 2 directions. days. at ace ce days 

UE We bars eee aye —2 29.28} 1.48) 79.1 | s. w. 6 13 12 
A) we 53 -7.5 | 23.36) 2-08) 78.7 |s.w. & n. w z 17 4 
March 42 18 39:92), AY GL.78 vos. Ww. 10 15 6 
April ho 25 51.9 .61) 69.7 |n.e. & n. w 8 18 4 
May.s 3.7 91 28 59.2 5.52} 74.9 | s. w. 1 24 6 
June 88 40 65.5 6.81} 79.3 | s. w. 4 22 4 
July 5t. 90.5 | 50 tad 5.81} 80.0 | s. 8 20 3 
August 89 29.5 | 69.2 OL 60/278 2408. oa Se 
Sept. is Oe te 61.32} 2.74|-80.1 | s. w. ve 15 8 
Oct oe2 82 25 47.26) 1,42) 75.2 1) n. w. 15 12 4 
INO Veet Os 4 36.82) 4.38) 83.4 | n. w. 6 10 14 
Dec. ....| 66 15 42-71) 182 82.,6.41's-cw; 8 15 8 
Potals att aca eee cae oe ie vot RDS ER) le Pagan Ws Agee are 80 Wd te 
Average .| 76 21 | 49.9 2.91) 78.3 | s.w 7.3 16.1) 6.6 

1890. 
Jade ee 66 —5 33.8 5.26] 88.0- n. w. 6 15 10 
Feb. ....| 68 7 34.66} 1.87) 85.6 |s. w. &n. w 6 12 10 
March 61 2 30.00) © 2640) 79221 ny We 8 16 7 
April 81 29 62.0a|. 4714) 73 1 ee. 10 15 5 
May. 5. 83 33 DS 2 UP aes LOO pete ere ai oe 14 14 3 
June 96 47 74.56} 3.80) 77.4 | s. w. 13 16 1 
ul ya: 97.5 | 45 73,02) 2.83) 77.9 | noe. 17 13. 1 
August 96 44.5 | 68.74; 1.93} 71.9 | n. w. 15 15 1 
Sept. 89 33 60.46; 1.19] 76.8 | n.e. G22 20 4 
Oc. eras T6 27 O2 IGF 2 -S5l4 79 20 Dew. 3 PAY 7 
Nov. ....| 68 21 42.62). 1.63] 74.6 | n.w. 10 12 8 
Dec. <7. 5) .58 8 30.91 USO Mest ewe ff ie 7 
OGRE. ey Rete chad tee lhe oe eee Psp De 5 eerie iN ata a tg hf 115 186 64 
Average. .| 78.2 | 24.6 | 51.2 |. 2.6 | 77.6 | n. w 9.7 |. 16:5 | 1b88 

1891. ‘ 
AE boon oe. 57 6 30.26) 0.99) 84.7 | s. w. 6 10 tS 
Helbvnce eG. +9 30.45} 2.60) 81.5 | n. w. 6 Pi: 11 
March 65 —l 32.0D)\5 73-05}. 04, Ul nae) &neew. 4 16 17 
April . 81 22 D2. 6 Gl Sound Ooo 1 the We 8 18 4 
May Soret 91 30 58.4 0.89} 70.0 | ne. 12 14 5 
June 93 49 71.9 2.08] 78.5 | s. w. 9 re 6 
JULY Reo 93 42 710; 12), <1 All -79..6-) 8. w. ee 18 2 
August 99 40 70.21) 2.86) 74.0 | n. w. 2 27 2 
Sept 96 41 69.2 41| 66.0 |s. 6 23 1: 
efi FR Sol Daa, o153 1.29} 72.9 | s. 13 MF 1 
NOV RS oa 67, 2 35.69) 5.58) 83.1 | s. eG 19° See 
Dee Oboe et 37 £531 (OSs. 8 17; 6 
RCOCRIS Sh. | ae ey threes 2ONTS! Pia eee ae 92 199 75 
Average .| 79.3 | 21 50.82) 2.22) 77.8 | s., Ss. w. ro 16 6.1 
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METEOROLOGICAL SUMMARY FOR THE EXPERIMENT STATION—Continued. 
: Rela- +: No. of 
1892. TEMPERATURES. ee ; tive, pl ae pte partly | sae ee 
Max. Mins (o Mean inches. ity a directions. days may days. 
Peis, 3% a7 -15 19.2 Cero teee co ais. 6 20 5 
Beb; ~....| 55 ee She 2.64), 87.6 |s. 2 A ES 
March 69 ae, 36.1 2.59} 82.1 | s.. w. 3 22, 6 
April 70.5 | 26 48.6 6.45| 77.4 | n. w. 3 24 3 
LC 82 36 507.9 7.86} 81.1 | s. w. 1 23 7, 
June 94 51 70.6 5.36] 82.1 | s. w. 8 20 2 
July..... 96.5 | 46 73.3 2.50} 80.4 | s. 4 24 3 
August 94 47 yalees 2.45) 81.1 | w. 10 18 3 
Sept. ° 87 42 63.9 0.93) 76.3 |s. 14 15 1 
7S 88.5 | 19 53.6 0.93) 70.5 | s. 9 20 2 
Nov. ....| 64 7 34.8 | 4.95) 83.7 |s. 7 16 7 
Dec... ..}-60 -7 21 et 1.62} 86.7 |s: 4 16 11 
ape SS fe ecko | a ote ets DO UD tcc SePaite cleteestn eur ak 71 252.1 Da 
Average .| 76.4 |...... 49.1 3.25) 81.0 |s 5.9 19.3} 5.3 
1893. 
aM sca. 48 “get 14.8 1.05} 86.1 | n. w. 4 17 10 
Feb. ....| 5h eae 25.8 4.48} 87.5 | n. w. 5 14 9 
March 76 eet OLae 3.20) 79.6 | s. 2 22 vs 
April 75 30 49.3 7.68} 76.0 | s. 1 19 10 
MB... 84 37 57.4 4.83] 75.6 | n. & Ss. w. 4 24 '3 
June 93 53 70.5 1.55} 70.5 |'s. 6 18 6 
ays... s 98 48 76.4 .09| 71.9 | s. 1 29 1 
August 96 37 71.1 .06| 66.8 | n. 11 19 1 
Sept. 97 31 66.5 3.62) 58.6 | w. 4 19 7s 
meoct...... 84 -18 53.3 1407.4 18: 9 18 + 
BNOV....<.) 75 6 37.3 2.98] 84.8 |s. 6 16 8 
Weer....: + 63 —6 30 1.09} 84.4 |s. 0 18 ihe 
aude ei a Ws hoses ate cee oe DOMAL LL eee eae ieoke. woevetel cee acne 53 220 79 
erage .( 7S. Li 2.5.. 491 269) 076-. 6. 8 4.4) 19 6.5 
1894. 
ee, 3 64 —21 29.4 1.95| 84.4 |s. 3 18 10 
Pepe... «(58 —5 24.7 1.32) 81.2 | w. 1 19 8 
March 77 10 43.5 2.41| 83.5 | 5s. a 21 6 
April 85 25 51.4 1.86) 78 .6'|s. 1 ar Aare Ee 
May. .... 89 32 59.6 | 73°32| 80774 |. 3 29 3 
June 97 34 73.4 1.78)°75.4 I's. 5 24 1 
UU. 98 47 73.8 1.08} 68.9 |s. 4 27 0 
August 99 41 tend 2.06) 72.2 | w. 6 25 0 
Sept. 94 38 65 4.21; 84.6 |s. 10 15 5) 
i. 5 6 5 84 28 51.9 DLT OS Tass. 5 21 5 
BEN OV... 2. 67 12 35.9 2,74| 84.2 | 8. 3 18 9 
Dee... ...|' 59 —+ 32.9 1.44) 86.2 |s. 6 17 8 
oo CUS (ee ee ete ne Py ys ETO Ge oe ke aera 51 252 62 
Average .| 81 19.7 | 51,1 2.06} 79.9 |s 4.2 21 oe 


* Record incomplete. 
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METEOROLOGICAL SUMMARY FOR THE EXPERIMENT STATION—Continued 


TEMPERATURES. i Rela- 
1895. ; aoe oie, 
Max. | Min. | Mean. | ches. |“ ity. 
pI esl a a 57 =2 29). 28) 1236}-9353 
Hebsese. tsa 7eD 23-36 62) O17 
March 84 z 30+0 O83 2d 
April 88 27 52.3 2.42) 78.0 
May. J... 95 28 59.4 2:20) 74 22 
June 98.5 | 42 1oeSo 2 .24/<67.0 
OU Yeon oe 94 43 Pees 3.61| 75.8 
August 97 48 13.2 1.81) 72.2 
Sept. SieO-)so2 615 32¢29O. 271-7520 
Wet... 82 25 47 .26 ATA ea 
NOvee sso. 62 4 36.821. Ox pea cee 
Dec. ....| 66 15 42-712 BST S725 
OLRIS Kel ien nce Jane ead ees 29712) 2, 8 
Average .| 80.3 | 18.7 | 55.1 2.42) 78.4 
1896. 
Jansae.tts D2 —5 28.1 1.12) 89.6 
Feb. ....| 68 —4 29.6 1.95) 81.8 
March 67 6 34.4 1221850 
April 86 21 5726 1.89) 70.6 
Maya. 91 45 68.2 5.62|} 76.2 
June 92 -49 1022 2.98} 78.4 
ULV oben 95 49 73.8 TST Ge 690 
August 97 44 72 3.74] 80.0 
Sept. 91 30 61.9 5.84} 81.4 
Ost ane: 79 24 48.8 .42) 78.6 
NO Wetec at 9 39.9 2.87| 87.9 
Degen... 1.02 8 Sano .39| 87.0 
otal rete ede cee ere coed ee 35.91 
Average .| 79 23 51.4 | 2.92! 80.9 
1897. 
4 hres ae ae 59 -15 pe 4.53/99 
Hep. hee =2 30 1.17] 90 
March 66 20 40 4.10] 88 
April 79.0 | -Sieeahdg 3.69] 82 
May. 83 31 58 1:81 7% 
June 93 44 69.5 5.16} 79 
July....: 98 53 13 4.68} 80 
August 97 42 70.0 | .0.638) 79.2 
Sept. O7¢ DA oe 69.4 0.31) 68,5 
Oct cea: 92 32 59.1 0.4210710 
NOVi6, Lt 69 TH 39.5 4.91} 86.8 
Dece..5 coe 1 26.3 2167| 93-7, 
Total fic at peak Wk Pete cols Deal epee 
2933 22-5 50.6 2.84) 82.5 


Average . 


revailin o. of : aie 
if a pe ee ace 
directions. days. rg ays. 
n. WwW. 9 14 8 
n. WwW. 8 ra 3 
ne W: 7; 17 7 
n. @. vi tw 6 
Ss. 14 16 1 
S. 10 18 2 
S. 53) 22 4 
oe 6 21 4 
S. 12 Le 3 
n. W. 14 15 27 
S. = 14 Lee 
S. 2 13 16 
Dee ets 97 199 69 
Ss. 8 16 537 
Ss. 2 13 16 
Ss. W. & D. W. S 14 bby 
n. W. 3 19 7 
Ss. W. 10 19 f 
S. 7 19 5 
Ss. 1 24 5 
Ss. 5 19 r, 
S. i 13 2 
S. 5 14 Il 
i. 18 9 4 
Ss. 6 13 15 | 
Ss. W. 3 20 8 
i Javtacs R Ioeoeies ties cua as eee (i 200 89 
S. 6.4 16 7.4 
n. W. 10 10 11 
nw. &n 3 16 9 
s. e. 3 17 11 
Ss. W. ek 14 Vie: 
n. Ww. 6 21 4 
Ss. e. it ff 22 
Ww. &D. Ww 10 12 9 Fs 
n. w. 13 (16 2 
Ss. W. 24 5 iS 
S. & 8. e. 20 8 3 
n. Ww. 9 10 11 
ne Woe 2 16 13 
OE) eee ae re 104 152.1199 
n. W. 8.7 12.529 


3 1903.] 3 CLIMATE or ILLINOIS. boseay’ as) 


METEOROLOGICAL SUMMARY FOR THE EXPERIMENT STATION—Continued. 


; TEMPERATURES. infall| Rela- ili o. of | No. of ‘ 
: AE ES, RS ea ee Raa ann aes is ies ads Pe fomenee pet 
2 Max: Min. Alen inches. ity. directions. days. dace days. 
ee 62 5 30.8 ALISA tlw 6 Pe 14 
Prete 24>. 65 —6 30.3 1.43) 94.2 | n. w. 2 TP els 
March 69 15 39.4 CASS 9032.) Te Wwe 6 17 8 
April 79 22 48,07 22. F107 230 new. 3 20 7 
May..... 82 38 Gieo 5S Sasa 4 SW. 4 16 10 
June 90 49 73.6 6.08} 80.5 | s. w. 8 iY 5 
(th ne 96 47 76.9) 1:89)-78.0- | s..w. 13 Grete? 
August 94 ba 74.0 3.61} 84.0 | s.-w. 9 18 4 
Sept 94 45 68 .2 5.13} 85.3 | s. w. 4 21 6 
Oct 86 40 51.4 4.53} 86.9 | s. 4 17, 10 
NOV:. 68 * 36.1 3.01} 88.8 |s.w vin | 11 8 
Deer...) 55 “J 26.8 1.86) 96.0 |n. w 10 16 5 
EEG al tne eee err VAS AR AN hee. Pee Oe os 81 177. |107 
meverages.| 78.3 |...... 51.5 | 4.038] 86.0 | s. w. Gi7) i471) 2829 
1899. 
wanda... 53 —12 25.5 1.97) 96.4 |s.w 5 19 ’ 
Hew... .|-58 —25 18.4 2.33| 96.4 |s. w 6 16 6 
March 65 —2 32.4 1.78) 94.1 | n. w. 5 10 16 
April 90 15 6307 0.50) 89.3 |s.w. &s. 5 20 5 
J) 86 42 63.8 6.09) 82.5 |'s.-w 3e 19 9 
June 93 50 71.4 2.29) 78.3.|s. & 8. w. a4 25 2 
Duly... 94 51 74.4 2.65) 793 | 8: Ww 7 19 5 
August 96 49 Lous 2.29| 77.2 |s.w 15 11 5 
Sept 99 24 63.1 1.07| 74.6 | s..w 11 14 5 
ete... . 87 29 D.2 5.10} 78.0 |s.w 6 17 8 
Nov. ....| 69 17 43.8 1.39} 88.5 |n.e.& Ss. Ww 0 19 11 
Dec.....| 60 —6 27.8 2.14) 87.6 |n. w 0 bi 14 
rete ee ee A Sek le ads PAS be Th ie Pl 2 oe bn a eae 66 206 93 
m Average .| 79:2 | 19.3 | 50.5 2..47)'°85.241 3. w fe ha LZ EASeT es 
1900. | 
ae 61 —5 30.1 0.17} 92.9 | w. 1 20 10 
Peis. .| 63 —6 24.0 op Oia Fl We 0 16 12 
March ...| 61 0 32.6 1.79] 90.7 | n. w. BPS ee beg 14 
April ....| 83 24 SLs 0.84| 74.9 | ne. 3 | 16 EL 
| ne 89 ne} 63.3 4.60] 74.6 | s. w. 1 24 6 
June 90 47 69.3 Avy tie S271- cen, 6. 0 21 9 
SMLY..... 93 SE 74.2 3.81| 79.4 | s. w. 2 5 24 
August 95 63 78.4 6.23] 80.0 | s. 4 26 1 
Sept 93 34 68.2°| 2.23} 78.7 | 8.6. & Ss. Ww 1 24 5 
Sane 88 32 59.9 2329) 175.6") 626. 1 25 x 
Mave ....| 72 12 39.6 3.42| Gd27: 8. wt 0 22 8 
ec. ....:| 58 1 29.9 1.00] 73.9 | s. w. 2 21 8 
A a ae PE OS snl ee ene. ru sh 15 237 113 
Average .| 78.8 | 23.9 51.7| . 2.84] 80.1 | s. w. 152 19.7 |.9.4 


* Record incomplete. — 
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METEOROLOGICAL SUMMARY FOR THE EXPERIMENT STATION—Continued. 


: Rela- ays No. of 
i901. TEMPERATURES. area: Ake, Beige pie P artly 2 i Le | 
Max "| Min. Patou cues. aw. “| directions. days. she y ays. 
SATs. 61 —7 27.8 1.55} 92.6. Pine w. 0 16 15 
Lies oye eat tet Wore 2 21.0 tA O2 51") new 1 21 6 
March 70 5 37 .6 Bria $522.18. WwW 0 12 19 
April 87 28 48.5 0:80). 72:7 's,.e; yes | 13 13 
ER a: 89 38 59.2 LeOB S221. ime: 2 ai 8 
June 95 44 W262 5.80) 77.9 | s. w. a 25 3 
Jaye os 104 48 79.5 2.48) 77.4 | s. w. 2 29 0 
August... ./101 54 petite: 1.68) 69.7 | n.e. 2 26 2 
Sept .| 94 33 64.6 | 1.38! 75.6 |s. w. f 22 + 
Octee 88 29 Domo 4.10) 76.4 | s. w. 6 19 6 
Nov. ....| 69 16 35.8 1 She S0 ben We 0 25 5 
DISC. eiO —15 24 2 3.06) 88.8 | n. w. 0 16 15 
EEO GRLise esha Va vedere Me ate es 2S OA ag Vane ies oem ees 23 245 97 
Average .| 80.4 | 22.7 | 49.8 2.39) 80.9 | s. w. ste 20.4; 8.1 
1902. 
Ap hp aur 56 —7 25ae 0:62) 283 baw: 0 DAS 6 
Feb. ....| 48 —14 16.8 1.48) 86.3 | n. w. 1 21 6 
March 70 9 40.8 1.69) 81.4 | s. w. 0 18 3 
April 85 23 48.1 2:11) 73 3098S. ea Ws 0 26 4 
Mary ori: 90 40 65.8 2.60) 75.0'1 8. €.. & Sw. 2 25 4 
June 92 45 6824-F LL 738i 7S eb s. w 1 21 8 
ULV eels 8 91 50 74.6 ALO2 #75 Siw ibe 14 4 
August 90 ay 69.4 9.80} 80.1 |s. 6 19 6 
Sept 84 34 Glee 4.90) 82.5 |s. ak: 1 sone ad 
Oot st 78 31 54.5 2.10} 80.8 | s. w. 1 24. ot 6 
NOVEs: ce a 14 46.6 2.42} 83.0 | s. w. 0 18 12 
Decne es lzol 0 27.0 2.94} 89.3 |s. w. 1 15 15 
OGLE vies Lie sts 4 lca cee eee AG SAL) OO Ree bee cee eee 28 241 96 
Average .| 75.9 | 23.1 | 49.9 3.87} 80.9 | s. w. 2.3 20.1); 8 


* The storm during the night of Junal0 blew the rain-gauge over, but .75 inch 
is included, which was about the rainfall during the storm. 
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Mee ot RUCEURE OF THE.CORN KERNEL 
Paw) PE CONPOSTLION:OF TES 
pr ee Nes AR TS. 


By CYRIL G. HOPKINS, Pu. D., CHIEF IN AGRONOMY AND CHEMISTRY; 
LOUIE H. SMITH, M. S., CHIEF ASSISTANT IN CHEMISTRY AND PLANT 
BREEDING; AND EDWARD M. EAST, B. S., ASSISTANT IN CHEMISTRY. 


The possibility of selecting seed corn for improved chemical composi- 
tion by a.simple mechanical examination of sections of kernels (which 
any one can easily make with a pocket-knife) was clearly established by 
the experiments reported in Bulletin No. 55, “Improvement in the 
Chemical Composition of the Corn Kernel’; and the practical value of 
this method of selecting seed corn for high protein, high oil, or other de- 
sirable qualities has been fully confirmed by subsequent investigations 
and trials by the Experiment Station and by practical seed-corn breeders, 
as shown in Bulletin No. 82, “ Methods of Corn Breeding.” 
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A considerable amount of additional data relating to this matter has 
been accumulating with the progress of our experiments in corn breed- 
ing, and because of the very great importance of this subject to the 
corn growers and corn breeders of Llinois, and also because of the marked 
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Priate 1,—Low-PrRoTEIn Corn KERNEL FROM DRAWING (SMALL KERNELS 
FROM PHOTOGRAPH). 
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interest which is manifested in this matter both by progressive, prac- 


tical farmers and by scientific investigators, it has seemed advisable to 
publish in somewhat greater detail the results of our investigations along 


this line. 
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PuatE 2.—HicH-ProrEin Corn KERNEL FROM DRawina (SMALL KERNELS 


FROM PHOTOGRAPH). 
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PARTS OF THE CoRN KERNEL. 


There are six distinctly different parts in a kernel of corn, as will be 
readily seen by reference to Plates 1 and 2. 

1. Trp cap.—This is a small cap covering the tip end of the kernel 
and serves as a protection to the end of the germ. It consists of material 
somewhat resembling the cob and occasionally in shelling corn the tip 
cap remains attached to the cob, leaving the tip end of the germ un- 
covered, but nearly always it remains on the kernel. 

2. Huui.—This is the very thin outer covering of the kernel. It con- 
sists largely of carbohydrates, especially fiber or cellulose, although it 
also contains a small percentage of other constituents. 

3. HORNY GLUTENOUS PART.—This part lies immediately underneath 
the hull. It constitutes a second covering of the kernel, usually much 
thicker than the hull. For short, it is called horny gluten, although it 
is, of course, not pure gluten. However, it is the richest in protein of 
any part of the corn kernel, as has been stated in bulletins already pub- 
lished by this station and previously by Doctor Voorhees, Director of the 
New Jersey Experiment Station. 

4. Horny starcHy partT.—This part lies next to the horny gluten, 
on the back and sides of the kernel. For short, it is called horny starch, 
although it is not pure starch, as it contains considerable amounts of 
other constituents, especially of protein. In an examination of the 
kernel with the unaided eye the horny glutenous part and the horny 
starchy part are not readily distinguished from each other, the line be- 
tween them being somewhat indefinite and indistinct. Considered both 
together these two parts constitute the horny part of the kernel. 

5. WHITE STARCHY PART.—This part occupies the crown end of the 
kernel above the germ and it also nearly surrounds the germ toward the 
tip end of the kernel. For convenience this material is called white 
starch, although it is not pure starch as has been clearly shown in former 
publications. In some kernels the horny starch extends nearly or quite 


to the germ (near the middle of the kernel) and thus separates more or ~ 
less completely the white starch into two parts which we call crown © 


starch and tip starch. 


6. GrRM.—The germ occupies the center of the front of the kernel | 


toward the tip end and usually extends about one-half or two-thirds of 
the length of the kernel. Within the body of the germ are the embryo 
stem pointing upward toward the crown end and the embryo root point- 


ing downward toward the tip of the kernel, both of which are, of course, — | 


parts of the germ. These embryo parts within the germ may be easily _ 


seen by any one who will carefully shave off the front side of the germ 
from a kernel of corn. (See small photographic reproduction of sections 
of kernels of high and low protein corn in Plates 1 and 2.) 


in 
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MECHANICAL SEPARATION OF THE DIFFERENT Parts. 


It is not a difficult matter to obtain very pure samples of each of the 
above-named parts of the corn kernel, although in making the separa- 
tions there is of necessity some waste material consisting of a mixture of 
three different parts: namely, horny gluten, horny starch, and white 
starch. 

By the use of a small sharp knife any one can make the following 
separations: 

liae Lip cap. 

Jone OG 

3. Horny gluten. 

4. Horny starch.* 

5a. Crown starch. 

5b. Tip starch. 

6. Germ. 

7. Waste (mixed material). 

In making these separations the kernels are first soaked in hot water 
for fifteen or twenty minutes. 

The tip cap is then very easily and perfectly separated by simply 
cutting under one edge and then pulling it off. 

The hull is separated without difficulty by peeling it off in strips. It 

is only necessary to use the knife to start the peeling at the tip end where 
the hull has been broken by removing the tip cap. With some care the 
hull can be completely peeled out of the dent in the corn. 
_ The horny gluten is more easily distinguished after the hull is re- 
moved. It will be plainly seen that it covers the entire kernel, except- 
ing possibly the exposed part of the germ. The horny gluten is removed 
by carefully shaving it off with a sharp knife. Adhering particles of 
starch can be more easily separated from the horny gluten after the 
shavings have been allowed to dry for some time. In scraping off these 
particles of horny starch or white starch adhering to the shavings, more 
or less horny gluten will also be scraped off, so that, while we are thus 
_ able to obtain a pure clean sample of the horny gluten, we also obtain’ 
some waste material, consisting of particles of horny gluten, horny starch, 
and white starch. 

The germ is next removed, and with care this can be done very per- 
fectly. If any particles of starch adhere to the germ they can easily be 
completely removed. After the tip cap, hull, horny gluten, and germ 
have been removed, the remainder of the kernel, consisting of the horny 
starch and white starch only, is allowed to dry, and the kernel is broken 
in two lengthwise. 


*As used in this bulletin the term “starch” is employed in a technical or com- 
Mercial sense, and not as the name of a definite chemical compound. 
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The crown starch is dug out with the knife as completely as possible 
without taking any of the horny starch. 


The tip starch is next removed in the same manner as the crown starch. 


The horny starch from. each side usually remains in a solid piece. 
This is now carefully scraped to remove all adhering particles of white 
starch or horny gluten, the scrapings being carefully saved and added to 
the waste material. 

By this method of separation we obtain eight different products, in- 
cluding the waste material, and seven of these products are pure samples 
of distinctly different parts of the corn kernel, excepting the crown starch 
and tip starch, both of which, of course, belong to the white starch; they 
are kept separate, however, because they are found in different places, 


frequently being entirely separated in the kernel, although more com-’ 


monly there is some white starch continuous from crown to tip. 


COMPOSITION OF THE DIFFERENT PARTS. 


Table 1 shows the percentage of these eight different products, or 
parts, and the percentage composition of each part, also the percentage 
composition of the whole corn, for each of three different ears of corn. 
Ear No. 1 is corn of comparatively low* protein content (see foot-note). 
Ear No. 2 has about the usual protein content of ordinary corn. Ear 
No. 3 is high* protein corn (see foot-note). About 200 grams (nearly 


one-half pound) of kernels from each ear were separated into the differ-_ 


ent parts, and each part was then weighed and analyzed separately, 
another sample of the corn from each ear being analyzed to give the com- 
position of the whole corn. (All results are given on the water-free basis.) 


*It should be understood that Ear No. 1 (9.28 percent protein) and Ear No. 3 
(12.85 percent protein) do not represent, extremes in protein content; indeed, in 
our breeding of corn for low protein we have produced good ears containing less 
than 6.50 percent of protein, and in our high protein field we have produced corn 
containing over 16 percent of protein. In extremely low protein corn the per- 
centage of horny part is very much less than in Ear No. 1, and in extremely high 
protein corn the tip white starch is frequently almost entirely wanting and the crown 
white starch very greatly reduced, both being replaced by the horny part, asshown 
in the drawings and also in the actual photographs of sections of kernels shown 
beside the drawings in Plates 1 and 2. 
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TABLE 1.—PERCENTAGE OF DIFFERENT PARTS AND PERCENTAGE COMPOSITION OF 
Eacu Part. 


Ear No. 1 (low in protein). 


Composition of parts. 
US Sha es BN See ee So a a re preening arin Dias idl RAN LER SE 
pames of parts. aia Protein, Oil, Ash, Seca 
percent. percent. percent. percent. 
Me cass es es 1.20 7.36 1.16 91 90.57 
Me ec ess 5.47 4.97 92° 82 93 .29 
Horny gluten........ 7.75 19.21 4.00 .92 75.87 
Horny starch ........ 29 .58 8.12 .16 .18 91.54 
Crown starch ........ 16.94 7.22 19 32 92 .27 
Bestarcht,.......... 10.93 6.10 .29 .29 93.31 
A 9.59 19.91 36.54 10.48 33 .07 
Mixed waste.......... 18.53 9.90 1.06 .61 88 .43 
BMETOOTI GS iat. Sahih oes es 9.28 4.20 1.41 85.11 
Ear No. 2 (medium in protein). 
BUCA Ete te iy. 1.46 8.83 2.30 bs | 87.76 
RD Sa 5.93 S29G .89 .79 94 .36 
Serrorny gluten ........ 5.12 22.50 6.99 LZ 69 .09 
Horny starch ........ 32.80 10.20 24 24 89 .32 
Crown starch ........ 11.85 7.92 i17 24 91.67 
Bip starch....:...... 5.91 7.68 39 31 91.62 
PE 11.53 19.80 34.84 9.90 35.46 
Mixed waste.......... 25.40 Pia) 1.23 57 87.10 
MeO COM s o.66. ke 10.95 4.33 1.55 83017 
Ear No. 3 (high in protein). 
BeaDe se ke 1.62 4.64 1.99 1.87 91.50 
OS 6.09 3.84 .76 1.10 94 .30 
Horny gluten ........ 9.86 24.58 4.61 » 1.74 69.07 
Blomiy starch ........ 33.79 10.99 22 21 88 .58 
Crown starch ........ 10.45 8.61 52 37 90 . 50 
Mereerarch.. oe... 6.23 7.29 1236 .60 90.75 
LSS 11.93 19.56 33.71 10.00 36.73 
Mixed waste.......... 20.03 12.53 1.15 .61 85.71 
Beeoie-com:...2.....) ..... 12.85 5.36 ros 80.12 


A careful study of Table 1 reveals some very interesting and useful 
facts regarding the structure of the corn kernel and the composition of 
the different parts. It is certainly an interesting fact that there are so 
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many different parts in a kernel of corn, and it is exceedingly useful to be 
able by a mechanical examination of corn not only to pick out high pro-- 
tein corn or high oil corn as one may desire, but even to separate the 
several distinctly different parts from one another by purely mechanical 
means—to separate, for example, the horny gluten, containing (in the 
high protein ear) nearly 25 percent of protein, and then the white 
starchy parts, with only 7 or 8 percent of protein; or the germs containing 
about 35 percent of oil and 10 percent of ash, and then the horny 
starchy part containing less than 0.25 percent of either oil or ash. 

The hulls contain about 4 percent of protein and are clearly the poorest 
in protein of any part of the kernel, the next poorest being the tip caps 
and white starchy parts, containing about 7 or 8 percent, the tip starch 
being slightly poorer than the crown starch. The horny starch is richer 
in protein than the white starch, especially in the medium and high pro- 
tein corn where the difference amounts to more than 2 percent, the 
horny starchy part containing from 10 to 11 percent of protein. The 
protein content of the germs is very uniform in the different ears, although 
the poorest germs are found in the high protein corn, and the richest in 
the low protein corn, the variation being from 19.56 to 19.91 percent. 
The horny gluten is the richest in protein of any part of the kernel in both 
ordinary and high protein corn, as was pointed out several years ago by 
Doctor Voorhees,* Director of the New Jersey Experiment Station, and 
as we have quoted in previous publications of the Illinois Experiment 
Station. In the high protein corn the protein content of the horny 
gluten amounts to 24.58 percent. In the low protein corn it is slightly 
less than that of the germ. 

It is plainly seen that the oil in corn is very largely in the germ, al- 
though the horny gluten also contains a considerable percentage, the germ 
containing about 35 percent of oil and the horny gluten about 5 per- 
cent. Both the horny starch and white starch are exceedingly poor in 
oil, averaging about 0.25 percent, if we disregard the tip starch in Ear 
No. 3, which appears to have absorbed some oil directly from the germ 
which it adjoins and partially surrounds. The hulls contain slightly less 
than 1 percent of oil and the tip caps slightly more than 1 percent, and 
it is quite possible that this oil may have been obtained, in part at least, 
by absorption from the horny gluten and germ. Indeed, it seems highly — 
probable that practically all of the true oil in the corn kernel is originally 
deposited in the germ and horny gluten, and that the small percentage 
or mere trace, which is found in the other parts is largely obtained by 
absorption. That such absorption actually does occur is definitely 
proven by the fact that the percentage of oil in hominy and hominy 
products increases with the age of the corn used in the milling. (Hominy 


*New Jersey Agricultural Experiment Station Bulletin (1894), 105. 
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consists largely of the horny starch with more or less adhering white 
starch.) 

It may be of interest to state in this connection that in 1866 Haber- 
landt* discovered with the microscope that the germ of the corn kernel 
contains a large amount of oil. He observed no oil in the remaining por- 
tions of the kernel. By chemical analysis Lenz* found, however, that 
after the germs were removed the remaining portion of the kernel con- 
tained 1.57 per cent of oil. These results were fully confirmed by Doctor 
Atwatert who found 1.63 per cent. of oil in the corn after removing the 
germs and adjoining material, although neither Lenz nor Atwater appear 
to have ascertained that the horny gluten (the aleurone layer) contains 
the chief percentage of oil outside of the germ. 

By further reference to Table 1, it will be observed (1) that the germ 
contains about 10 percent of ash or mineral matter; (2), that this is about 
ten times the average percentage of ash contained in the other parts; and 
(3), that the percentage of ash in the different parts varies with the per- 
centage of oil, to quite a noticeable degree. 

Of course the percentage of carbohydrates (starch, cellulose, pento- 
sans, etc.) varies inversely as the sum of the other constituents, being 
about 35 percent in the germ, 70 percent in the horny gluten, and from 
90 to 95 percent in the other principal parts. 

The marked degree of uniformity in the entire percentage composition 
of the germs from each of these three ears, whether low protein, medium 
protein, or high protein, seems especially noteworthy. The percentage 
of protein varies only from 19.56 to 19.91; the oil from 33.71 to 36.54; 
the ash from 9.90 to 10.48; and the carbohydrates from 33.07 to 36.73. 
It will also be noted that the percentages of both protein and oil are 
lower in the germs from high protein corn than in those from the low 
protein corn, although the differences are not marked. 


MATHEMATICAL DISTRIBUTION OF WASTE. 


It will be borne in mind that in making the mechanical separations, 
in order to obtain each of the seven different parts in pure condition, 
unmixed with any other part, there was necessarily some waste product. 
This waste substance amounted to about 20 per cent of the whole. As 
has already been explained, this mixed waste material consists of only 
three distinctly different parts—horny gluten, horny starch, and white 
starch (from crown and tip), the other three parts—tip caps, hulls, and 
germs, being easily separated completely and in pure form. 


*Allgemeine land —und forstwirtschaftliche Zeitung (1866), 257; Jaaresbericht 
(Hoffman) iiber die Agricultur-Chemie (1866), 9, 106. 


a> Yale College (1869); American Journal of Science and Arts (1869) (2), 


? 
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By a simple computation the mixed waste material can be distributed 


among the respective parts of which it is composed, provided we may be — 


allowed to make the assumption (which is approximately the truth) that 
the horny starch and white starch are present in the waste material in the 
same proportions as they are in the pure separated portions. Any error 
which might be introduced by following this assumption would have but 
little effect because the composition of the horny starch and white starch 
are not very markedly different (the protein differs by 2 to 3 percent) ; 
and also because the total amount of waste material to be distributed is 
only from one-third to one-half the sum of the separated horny starch and 
white starch. 

It will be observed (see Table 1) that the mixed waste is always richer 
in protein than the horny starch, thus showing that, besides horny starch 
and white starch, it: also contains more or less horny Blt which, of 
course, we know to be the fact. 


If in 100 grams of corn we let 
x equal the number of grams of tip starch, 
Bz equal the number of grams of crown starch, 
Cx equal the number of grams of horny starch, 
y equal the number of grams of horny gluten, and 
S equal the sum of these four parts, then 
(1) «+ Be+C2z + y=S 
Now if we let 
a equal the per cent of protein in the tip starch, 
b equal the per cent of protein in the crown starch, 
c equal the per cent of protein in the horny starch, 
d equal the per cent of protein in the horny gluten, and 
s equal the number of grams of protein in all of these four parts, then 
(2) ax + bBx + cCx + dy=s 
Thus we have two equations with which to solve for x and y, which are 
the only unknown quantities, B and C being factors which can be ob- 
tained by dividing the percents of separated crown starch and horny 
starch, respectively, by that of tip starch, and S being the sum of the 
separated tip starch, crown starch, horny starch, horny gluten and mixed 
waste, as given in Table 1; and a, b, c, d, being the respective percentages 
of protein in the four separated materials, tip starch, crown starch, horny 
starch, and horny gluten, and s being the total number of grams of pro- 
tein contained in these four separated parts and in the mixed waste, all 
of which data are also given in Table 1. 


PHYSICAL COMPOSITION OF THE CORN KERNEL. 


From the above computations we obtain the results given in Table 2 
which gives the total percentages of each of the seven different parts con- 
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tained in the corn kernel (counting crown starch and tip starch as twe 
parts), and with no waste material. 


TABLE 2.—ToTAL PERCENTAGES OF THE DIFFERENT PARTS OF THE CORN KERNEL. 


Ear No. 1, | Ear No. 2,| Ear No. 3, 
Name of parts. (low (medium | (high 
protein). | protein). | protein). 


NMR ye ic Gao) oaks ge a io! add Biegdae ale os 1.20 1.46 1.62 


RCM: 3S RGA r wh kes oie + aS aerate dys os 5.47 5.93 6.09 
MCG Pe, Rea leek ate cee 11.61 8.51 13.32 
EMER Oe Fy oo G5 sven wderse sia mal «aig date ieee 37.15 47 .08 44.89 
MEMMMEBERU COOSA Soe oes se he A I Gee 21.26 17.01 13.88 
RIOT ea acl. Ete. aces aieke views ohare g 13.71 8.48 6.28 
RD MOS of Sy ode Sn OS re LO 9.59 11.53 11.93 

aE PN ol (SS eR he pw SEE 99 .99 100 .00 100.01 


It will be observed that the percentages of horny gluten, horny starch, 
and germs are noticeably higher in the high protein corn than in the low 
protein corn; while the opposite is true with the white starch, the per- 
centages of crown starch and tip starch being markedly higher in the low 
protein corn than they are in the high protein corn. It is noteworthy 
that the horny gluten in high protein corn not only contains a higher per- 
centage of protein than the germs, but that the proportion of horny 
gluten in the kernel equals or exceeds that of the germs. The only dis- 
crepancies appearing in Table 2 are the low percentage of horny gluten 
and the high percentage of horny starch in Ear No. 2. Otherwise the 
percentages of parts in the medium protein ear are always intermediate 
between those in the other two ears, as would be expected. Even these 
discrepancies disappear if the two horny parts be added together and 
considered as one part, as is done in the practical work of selecting seed 
corn for higher protein content by mechanical examination, as will be seen 
by referring to Table 3. 

TABLE 3.—PERCENTAGES OF THE DIFFERENT ParTs OF THE CORN KERNEL AS 


COMMONLY OBSERVED IN MECHANICAL EXAMINATION FOR SEED 
CorN SELECTION. 


Ear No. 1, | Ear No. 2, | Ear No. 3, 


Names of parts. (low (medium (high sek 
protein). | protein). | protein). B ; 
1 yO a ee 1.20 1.46 1.62 1.43 
ee giecn sy vn sea 5.47 5.93 6.09 5.83 
Or 48 .76 55.59 58 .21 54.19 
0S 34.96 25.49 22.16 27 .54 
i 9.59 1T .53 11.93 11.02 


RI ee 99.98 100.00 100.01 100.00 
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In this table the crown starch and tip starch are also added together 
and the sum recorded as white starch. The increase in the amount of 
horny part (from 48.76 to 58.21 percent), and the decrease in white 
starch (from 34.96 to 22.16 percent) as we pass from the low protein to 
the high protein corn, is plainly apparent. 


DISTRIBUTION OF CHEMICAL CONSTITUENTS. 


Table 4 shows the location or complete distribution of the chemical 
constituents among the seven different physical parts of the corn kernel. 
In other words, this table represents the separation of 100 grams (or 100 
pounds) of corn into seven different structural or physical parts, and the 
subsequent division of each of these parts into the four chemical con- 
stituents, protein, oil, ash, and carbohydrates. 

The complete data shown in Table 4 are presented especially for the 
benefit of farmers who are corn breeders, and also for the benefit of 
the manufacturers of corn products. The agreement between the sum 
of the separate determinations and the direct, determinations of the same 
constituent in the whole corn is very satisfactory, considering that these 
results are obtained by computation from the analyses of nine different 
materials, including the whole corn. The greatest difference is well 
within the limit of unavoidable error in sampling and analytical deter- 
minations. A careful study of this table will reveal some interesting and 
valuable facts. For example, it will be seen that in 100 pounds of the 
low protein corn the horny gluten contains only 2.23 pounds of protein; 
while 3.27 pounds of protein are contained in the horny gluten in 100 
pounds of the high protein corn. Again, in 100 pounds of the low pro- 
tein corn the horny starch contains only 3.02 pounds of protein; while 
4.93 pounds of protein are contained in the horny starch in 100 pounds of 
the high protein corn. : 

On the other hand, in 100 pounds of the low protein corn the crown | 
starch and tip starch contain 1.53 and .84 pounds of protein, respectively ; 
while 1.20 and .60 are the respective amounts contained in the correspond- 
ing parts of the high protein corn. 

If we add together the horny parts and then add together the crown 
starch and tip starch, as is done in the practical selection of seed corn by 
mechanical examination, we obtain the results shown in Table 5. 
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TaBLE 4.—PHYSICAL AND CHEMICAL DISTRIBUTION OF 100 Grams (oR 100 PounpDs) 
oF Corn. 


Ear No. 1 (low in protein). 


Chemical distribution. 


Physical 
distribution Carbo- 

Names of parts. (grams or Protein, Oil, eovsh, heraatee 

pounds). | (grams or | (grams or | (grams or | (grams or 

pounds). | pounds). | pounds). | pounds). 
PTR EOA PISS. ola o's vos 2 1.20 .09 .O1 .O1 109 
Oa 5.47 vay .05 04 5.10 
Horny gluten...... 1 Oh 2.23 .46 =U 8.81 
Horny starch ...... 37.15 3.02 .06 .07 34.01 
Crown starch ...... 21.26 1.53 04 07 19.62 
Pipeevarch......<.. 13.71 84 04 04 12.79 
Te 9.59 1.91 3.50 1.01 3.17 
Peal ties ess a 99299 9.89 4.16 1.35 84.59 
wWnHole COIN........ 9.28 4.20 1.41 85.11 

Ear No. 2 (medium in protein). 
Meee... sss 1.46 .13 .03 .02 1.28 
EAN iii tele tis ss - 5.93 .23 .05 .05 5.60 
Horny gluten...... 8.51 1.89 .59 15 5.88 
Horny starch ...... 47 .08 4.80 aul 11 42 .05 
Crown starch ...... 17.01 1.35 03 04 15.59 
a 8.48 .65 .03* .03 Fate 
Meertis7 ss... 11.53 2.28 4.02 1.14 4.09 
Ota ek. 100 .00 11.33 4.86 1.54 82.26 
ON 10.95 4.33 1.55 83.17 
Kar No. 3 (high in protein). 

a 1.62 .08 .03 .03 1.48 
Bellet... 6.09 .23 .05 .07 5.74 
Horny gluten ...... 13.32 Sepa .61 .23 9.20 
Horny starch ...... 44.89 4.93 .10 .09 39.76 
Crown starch ...... 13.88 1.20 (O07 ae np 12.56 
ep ctarch,........ 8.28 .60 Mi .05 ¢,61 
RNAs... .. 11.93 2.33 4.02 1.19 4.38 
Bettye... \. <.. 100.01 12.64 4.99 Leal 80.63 
Memierrorn. oe | kee 12.85 5.36 1.67 80.12 
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TABLE 5.—POUNDS OF PROTEIN IN 100 Pounpbs oF Corn. 


Low Medium High 


Names of parts. protein protein protein 
corn. corn. corn. 
Init pCa D8: 55 ee ah ak oe Peet ree ee .09 13 .08 
Prstruliss cies cedar eae eae Sr tt ate aa ees .27 .23 .23 
In horny. part: fs: ocean to te eee 5.25 6.69 8.20 
Ino whiteistarch <.025 635/512 oe. ee eis: 2.37 2.00 1.80 
Bris Perms eS Se, Po soc ele ort eee ate ana eee 1.91 2.28 2.33 
PROGR ol ts ganre Gere Ce peer Las titer rae ee 9.89 11.33 12.64 


It will be observed that the increase in protein in high protein corn 
over that in low protein corn occurs almost entirely in the horny part of 
the corn kernel. As indicated in previous bulletins there is also a slight 
increase in protein in the germ, although this is quite insignificant as com- 
pared with the increase in the horny part. In passing from low protein 
corn to high protein corn, there is an appreciable decrease in the amount 
of protein contained in the white starch. Of-course this is due to the 
marked decrease in the actual amount of white starch in high protein 
corn. Indeed, this decrease in the quantity of white starch is even more 
marked than would appear from Table 5, because the white starch in the 
high protein corn is actually richer in protein than that in low protein 
corn, as would be expected and as is shown in Table 1. 

The data given in Table 5 strongly confirm the results which we have 
already obtained in practical experience in corn breeding. For example, 
we have been breeding both high protein corn and low protein corn for 
the past seven years. In the high protein corn we find that the propor- 
tion of horny part has increased very:markedly, while the white starchy 
part has markedly decreased. In the low protein corn the opposite is 
true, the horny part having decreased and the white starchy part having 
markedly increased, in proportion. 

By computation from the data given in Table 4, we have constructed 
Table 6, which shows the percentage distribution of the different chemical 
constituents among the several physical parts of the corn kernel. 

It will be seen that as an average about 22 percent of the total protein 
is contained in the horny gluten, nearly 40 percent in the horny starch, 
and nearly 20 percent in the germ, thus these three parts contain about 
80 percent of the total protein in the kernel. 

The germ contains from 80 to 84 percent of the oil, while all other 
parts combined contain only 15 to 20 percent of the total oil in the 
kernel. Based upon this fact is the method for selecting high oil or low 
oil seed corn by mechanical examination, the ears whose kernels show a 
large proportion of germ being high oil corn and those with small germs 
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TABLE 6.—PERCENTAGE DISTRIBUTION OF CHEMICAL CONSTITUENTS AMONG 
PHYSICAL PARTS. 


Ear No. 1 (low in protein). 


Percent Percent | Percent peaseee 
of total 
« Names of parts. of total of total of total eatbae 
protein. oil. ash. hydrates. 
(LS OT Ae a aa he ae .89 .33 81 1 29 
URL EM ae Sed sie Be a ote 2.75 t.21 3.34 6.03 
Beprorny Cluten..... 6s oe da we es 22.56 16 sf: 7.96 10.41 
Peto SUATCH 2... ke kk ee 30.51 1.43 4.98 40 .22 
Mererawn StArChs. 2... 66 fe cba. 15.52 .97 5.07 23.18 
MP TCATCN ih. foc bk ee es 8.46 95 2.96 15.12 
RE ee os fake Bat 19.31 83 .99 74.87 3.75 
UCU Ee re aa 100 .00 100.01 99 .99 100.00 
Har No. 2 (medium in protein). 
POMRATINC RIS ee cee vs ee ee es 1.14 .69 1.06 1.56 
BU Na is le es oe pe Oe 2.07 1.08 3.06 6.80 
Menorny gluten... 2... ee sa es 16.67 12.21 9.56 7,15 
MPESEIVVESCAPCH 3.5 ss 42.36 2.32 7.38 51.12 
Mente SUATCH.. 5 os os eo hae 8s 11.88 .O9 2.67 18.96 
MORSE Cs os. See oe ee 5.75 .68 1.72 9.45 
MEE nos eS Es halle sn oa 20.14 82.43 74.55 4.97 
Ui othe Bag a aa 100.01 100 .00 100 .00 100.01 
Ear No. 3 (high in protein). 
Meeepicaps .......... Rte, Min Pale 59 .65 iBaris 1.84 
OLS ee 1.85 .93 3.90 7.12 
Memtey Pliten:.: 2... 0 lees. 25.88 12.29 13.49 11.41 
Meemorny starch ..........-..6.5-5- 39 .00 1.98 5.49 49 .31 
MemerONrstarch..).. 6... ea es 9.45 1.44 2.99 15.58 
OSS a a arr 4.77 2.25 2.89 9.32 
1 18.45 80.46 69.46 5.43 
UD, a een eels eee 99 .99 100 .00 99.98 100.01 
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low oil corn. (See Plate 4.) About 12 percent of the total oil is con- 
tained in the horny gluten, leaving only about 5 percent of the oil dis- 
tributed among the remaining five physical parts, and, as stated above, 
more or less of this small amount is undoubtedly absorbed from the con- 
tiguous germ or horny gluten. 

It will be noted that the ash is closely associated with the oil, nearly 
75 percent of the total ash being contained in the germ, and about 10 
percent in the horny gluten, as an average. 

Table 7 shows, for direct comparison, the percentage distribution of the 
protein among the different physical parts, in each ear, the two horny 
parts, and also the two white starchy parts, being combined, as in Table 5 


TABLE 7.—DISTRIBUTION OF 100 GRAms (oR 100 PouNDs) OF PROTEIN AMONG THE 
PuysicaL PARTS AS OBSERVED IN MECHANICAL EXAMINATION. 


Low Medium High 
Names of parts. protein protein protein 
fo “porn: corn. corn. 
En apreaps ty. /s et eee eee | st!) 1.14 .o9 
in Huliselete sy oR Le Gon Ree Ce eee 240% 2.07 1.85 
Tnvhorrty part 204... Renee eee 53.07 59.03 64.88 
Inwhite starch~..)0 7 >A 2 Se eee 23.98 17.63 14.22 
k 
In) -GeTIS -.., |. steep Ales coe eee Sb 2a! 20.14 18.45 
Total lxtoiice shade ee 100.00 | 100.01 99.99 


Table 7 illustrates very plainly the fact that, as we pass from low pro- 
tein corn to high protein corn, the protein decreases in the white starchy 
part and increases in the horny part; in other words, in breeding corn for 
high protein, we decrease the white starchy part, which is comparatively 
poor in protein, and increase the horny part, which averages very much 
richer in protein, the horny starch containing 2 to 3 percent more pro- 
tein than the white starch, and the horny gluten being richer in 
protein than any other part of the kernel. As a rule, in breeding for 
high protein there is also a slight increase in the proportion of germ, 
which, being rich in protein, adds somewhat to the increase in protein. — 


MrcuHAntIcaAL Mreruops oF SELECTING SEED CORN FOR 
IMPROVEMENT IN COMPOSITION. 


As has already been shown in our Bulletin No. 82 “Methods of Corn 
Breeding,” we have found it entirely feasible and practical to select seed — 
corn of higher protein content by a simple mechanical examination of a 
few kernels from each ear. With some care any farmer or corn grower 
can learn to pick ott high protein seed corn by dissecting and examining 
a few kernels from each ear (by means of a pocket-knife), selecting for 
high protein seed the ears whose kernels show a large proportion of horny . 
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part, and rejecting those showing a small proportion of horny part. (See 
Plate 3; also Plates 1 and 2.) 


/ 


HiaH PrRoTEIN KERNELS Low PRotTEIn KERNELS 
(Much horny part; (Little horny part; 
little white starch), much white starch). 


PuateE 3. 
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This method is already in use by practical corn breeders, and with a 
very satisfactory degree of success. For example, in selecting seed corn 
by this method Mr. Ralph Allen, of Tazewell County, obtained seed ears 
for the year 1902, which were 1.46 percent higher in protein than the 
rejected ears from the same lot, and for this season (1903) his selected 
seed ears contain 1.58 percent protein more than the ears which he has 
rejected. In other words, his selected seed corn is richer by 1.58 pounds 
of protein per 100 pounds of corn than that rejected. 

The method proposed some years ago by Professor Willard, Director of 
the Kansas Agricultural Experiment Station, of picking out high protein 
seed by simply selecting for large germs enables one, as a rule, to make 
some gain in protein, but the gain is very much greater when the propor- 
tion of horny part is considered. In fact, from our own experience we 
_ find that the selection for a large proportion of horny part is a very much 
more trustworthy index than the size of the germ, in securing high pro- 
tein seed, and we often find corn with large germs which is actually low 
in protein, because of a small percentage of protein in the remainder of 
the kernel. The fact that only 20 percent of the total protein of the 
kernel is obtained in the germ (as shown in Table 7) is evidence of the 
uncertainty of obtaining high protein seed corn, and of the improbability 
of making any very considerable gain in protein, by this method of selec- 
tion. This difficulty was well understood by Professor Willard, as will 
be seen in the following quotation from the Kansas Experiment Station 
Bulletin No. 107, page 63. 

“There are undoubtedly great differences in the protein content of the 
part of the kernel exclusive of the germ, and it is conceivable and not 
improbable, that a large germ, though in itself tending to produce high 
‘protein content might be overcome by the low protein of the remainder 
of the kernel.’’* - 

Of course, if one picks out corn with large germs and at the same time, 
either consciously or unconsciously, selects those ears whose kernels con- 
tain a large proportion of horny part, he may make considerable gain in 
protein, but in such case the gain should not be attributed solely to the 
large germs. 


* Protein is substituted for nitrogen in this quotation. 
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Hiexu O1t KERNELS Low O1t KERNELS 
(Large germs). (Small germs). 


PLATE 4. 


The method of selecting seed corn for high oil content on the basis of 
large germs (see Plate 4) is certainly well founded, because of the fact that 
more than 80 percent of the total oil of the kernel is contained in the germ. 


OG tee Buuuetin No. 87. [August, 


THE CORRELATION OF SOME PHysIcAL PARTS AND CHEMICAL 
CONSTITUENTS OF THE CORN KERNEL. 


As was clearly shown in our Bulletin No. 55, there is usually a marked 
correlation between the percentage of germ and the percentage of oil in 
the corn kernel, as will be seen from the following summary of 100 sep- 
arate determinations reported in that bulletin: 


TABLE No. 8.—CoRRELATION BETWEEN GERM AND OIL IN CORN KERNELS. 


Small germ corn. Large germ corn. 

Number of determinations. Gain Oil, an Oil, 
percent. percent. percent. percent. 

LO. peas, S552 wa nee a a 9.10 3.58 14.11 6.49 

jee 7g ee erp et ie Piad oA ob 8.56 3.22 12.40 Gert 

LO Pere te os ee teh nea 8.28 3.64 12.01 6.08 

LO) rcs Coe a Bias Anke Re tee ee 8.73 3.32 13.30 5.82 

10) TE Ria te ane eee a eee 9.82 4.30 11.06 5.21 

General-syverave: Gur or dates 6s 8.90 3.61 12.57 6.06 


While there is, of course, some variability due in part to the different 
percentages of oil in germs from different kernels (especially in kernels 
from different ears) and in part to the different percentages of oil in the 
horny gluten (and to some extent in other parts) from different ears (see 
Table 2), nevertheless it will be observed that there is a marked correla- 
tion between the percentage of germ and the percentage of oil in the corn 
kernel. In other words, the percentage of oil varies with the percentage 


of germ. It will be observed, however, that a high percentage of germ is — 


accompanied by a still higher proportionate percentage of oil, indicating 
that increased proportion of germ in the kernel is due to an increase in the 
quantity of oil more largely than of the remainder of the germ. 


CORRELATION BETWEEN OIL AND PROTEIN. 


That there is a marked correlation between the percentages of germ 
and. oil in the corn kernel is certainly well established; consequently, if 
the proportion of germ were a reliable index to the relative protein con- 
tent of the kernel, there would, of course, be some marked correlation be- 
tween the percentages of oil and protein in corn. 

In Table 1 of Bulletin No. 55 are recorded the proximate analyses of 
163 different ears of corn. Table 9 is derived from that data, and shows 


the percentages of oil and protein contained in the ten ears which are 


lowest in oil and in the ten ears which are highest in oil, the analyses being 
arranged in the descending order for protein. 

The correlation between oil and protein is certainly very slight. In 
the low oil corn the oil varies from only 3.84 to 4.08 percent, while the 
pretein varies from 9.08 to 12.96 percent. In the high oil corn the oil 


j 
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varies only from 5.46 to 6.02, while the protein varies from 9.58 to 13.87 
percent, making a difference of 4.29 percent protein between these ex- 
treme ears, while the difference in oil is only .09 percent between the 
same ears. The average percentages of oil in these two lots of corn vary 
from 3.99 to 5.64 percent, while the corresponding averages for protein 
are 11.02 and 11.19, thus showing very little correlation between the per- 
centages of oil and protein in the corn kernel. 


TABLE 9.—CORRELATION BETWEEN OU AND PROTEIN IN THE CORN KERNEL. 


Low oil corn. , High oil corn. 
Oil, Protein, Oil, Protein, 
percent. percent. percent. percent. 
3.97 12.96 Sule 13.87 
3.99 12.28 5.5] 13.10 
4.03 11.71 5.61 12.09 
4.07 11.49 5.75 11.18 
3.84 11.29 5.65 10.82 
4.08 11.29 5.51 10 49 
3.94 10.97 5.46 10.32 
4.01 9.68 5.51 10.23 
3.95 9.44 6.02 10.18 
4.05 9.08 5.63 9.58 
Averages3 .99 11.02 5.64 11.19 


Table 10 is also derived from Table 1 of Bulletin No. 55, and is similar 
to Table 9, except that the analyses of the ten ears lowest in protein and 
of the ten ears highest in protein are chosen. This shows the reverse 
correlation; that is, between protein and oil. Of course, the results should 
be practically the same as shown in Table 9, the chief value of Table 10 
being that it uses almost an entirely different set of analyses, and con- 
sequently gives a duplicate illustration of the lack of correlation between 
these two constituents. | 


TABLE 10.—CoORRELATION BETWEEN PROTEIN AND OIL IN THE CORN KERNEL. 


Low protein corn. High protein corn. 
Protein, Oil, Protein, Oil, 
percent. percent. percent. percent. 

9.31 4.96 13.87 re 

8.40 4.91 13.10 gan! 

8.38 4.88 12.68 5.29 

9.31 4.82 12.81 bd | 

8.25 4.81 12.63 Sip 0 Was 

9.22 4.60 13.06 4.93 

9.15 4.55 12.57 4.82 

9.30 4.38 12.79 4.25 

S312 4.10 12.76 4.10 

9.08 4.05 12.96 3.97 

Averages...8.95 4.61 12.92 4.90 
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It will be observed that, although the averages for protein vary from 
8.95 to 12.92 percent, the averages for oil vary only from 4.61 to 4.90 per- 
cent. These averages indicate only a slight correlation between protein 
and oil, and the analyses of the individual ears show that even this cor- 
relation is by no means constant. 

In connection with some investigations relative to heredity Professor 
Frank Smith of this University, has prepared correlation tables (see 
Tables 11 and 12) from the 163 analyses of individual ears of corn recorded 
in Table 1 of Bulletin No. 55. Table 11 shows the correlation between 


TABLE 11.—ONE HUNDRED SIXTY-THREE Ears oF CoRN GROUPED ACCORDING TO 
PERCENTAGES OF PROTEIN AND CARBOHYDRATES. 


Carbo- Protein, percent. Total 
hydrates|—_—_-_____ ee 
percent.| 8 |8.5; 9 |9.5; 10 |10.5) IT j11.5) 12 |12.5) 13 |13.5) 14 | ears. 
9 ee OSS a a re 

75 5h tees ee Sed Se Sct 

80 WES SAE eae 2 a ae 1 

a0.6/ | |}. | eee bilo tole 

hie lm Re MMtikvenG. 

“ars! | | fool as 72 3 

‘p20 |< | lo [olf s Peas |e ai ipl aed 

82.5 1) 3174423 

a |. | ||...) 2l tlie 7) 4 | 
~e3.5| | |. | 2) 79 |ale a4) re 

age oo a ee re re er 

e456) |. | 1[.8] 2). | |) 4 So" |) 

ap) Se i PO Tg: A ea eS ie 

95.6 }.1.1 21.2 ael oobi) cult, doe rn 

“Total “dee Vece: (ot holy aS Geel ya eat yee ails ae 

No. of 1 2 4A 19s) 19.) 24) 3h siZ5 on TOS a2 6 1 163 
ears. | 


The correlation of high protein with low carbohydrates and vice versa equals 
90.05 per cent. . 
protein and carbohydrates, the entire 163 ears of corn being grouped ac- 
cording to the percentage of protein and carbodydrates which they con- 
tain. This table well illustrates what is meant by a high degree of cor- 
relation. With an increasing protein percentage there is a decreasing 
percentage of carbohydrates, and there are no marked exceptions to this 
rule, Note, for example, that there is one ear containing 14 percent of 
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protein, but that this ear contains only 79 percent of carbohydrates, 
being the highest in protein and also the lowest in carbohydrates of the 
163 ears. There are nineteen ears containing only 12 percent of protein, 
but none of these nineteen ears contains less than 81 percent of carbo- 
hydrates; thirteen of them contain 82 percent of carbohydrates, while 
five others are within one-half percent of that amount. One ear con- 
tains only 8 percent of protein, but this ear contains 85.5 percent of 
carbohydrates, being both the lowest in protein and the highest in carbo- 
hydrates of the 163 ears. It will be observed that of the 163 ears, several 
groups fall in the squares representing low protein (8 to 10 percent) and 
high carbohydrates (84 to 85.5 percent); also that many ears fall in the 
squares representing high protein (12 to 14 percent) and low carbo- 
hydrates (80 to 82 percent); so that, including the ears with medium con- 
tent of protein and carbohydrates, we find that the group numbers of 163 
ears fall almost in a straight line extending from the lower left-hand cor- 
ner to the upper right-hand corner of the table. It will be seen that no 
ears whatever fall in the squares representing high protein and high car- 
bohydrates, or in those representing low protein and low carbohydrates. 
By mathematical computation Professor Smith has found that we have 
in this table 90.05 percent of a perfect correlation. 


TABLE 12.—ONnNE HUNDRED SIXTY-THREE EARS OF CORN GROUPED ACCORDING TO 
PERCENTAGES OF PROTEIN AND OIL. 


Oil, Protein, percent. ae, 
percent.’ g (g5| 9 {9.5| 10 (10.5| It (11.5) 12 [12.5] #3 |13.5| 14 | ears. 
See SPS yrs” |i dab a] be oe hd a 

re sy OSM SR ay Taye las 

ee a Se) al al ei 3 | |e) Cl | ap 

Na wine 3: iaiatardai3 jade. decs) spool 

ee a Py tg shah eh Og Pee oi ge 

Mee) eS 6 tes | e712 41.64 |, |. |. 34 

ee ide te letiles loa) 6 lneh Abo lenab|20 
meee rl | al 3h el er Pe ery ora 

a a i pret ot ae ee Ae ee pen 

MN aol rT) elias bh Vw Ahh Herts Vc Ae id 8 
oe EIS I CO ares es keds caer as al (e 

ed 

SR a Ml aan a Boies bees (ras 
ener 2 |) 4119) 19) 24 | 31) 25 | 19 | 12), 6 1 | 163 


The correlation of high gaye with high oil and of low protein with low oil 
equals 3.81 percent. 
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Table 12 shows the degree of correlation which exists between oil and 
protein. It will be seen that there is no such grouping as in Table 11. 
In other words, there is no marked correlation between the oil and pro- 
tein in corn. Some ears are rich in one of these constituents and poor 
in the other; other ears are rich in both, and still others are poor in both, 
so that the grouping of the numbers of ears according to the percentages 
of oil and protein which they contain resembles a circle much more nearly 
than a straight line. By computation it is found that there is a slight 
tendency for the protein to increase with increasing oil content, but the 
degree of correlation amounts to only 3.81 percent of a perfect correlation. 

All of the above data tend to prove that, as the percentage of protein 
increases in corn the starch decreases, while the oil remains almost un- 
changed; and that we may increase or decrease the percentage of oil or of 
germ in corn without markedly affecting the percentage of protein. This 
was the conclusion drawn when the above-mentioned 163 ears of corn 
were analyzed more than six years ago. The different strains of corn 
which we have finally produced in our regular corn breeding work fur- 
nish us excellent material for ascertaining what effect is produced upon 
the oil content of corn by breeding for a higher or lower protein content; 
and, vice versa, what effect is produced upon the protein content by breed- 
ing for a higher or lower oil content. 

In 1900 we planted ten field rows (called the “mixed plot’’) with two 
kinds of corn in every row, one kind having been bred for four years for 
high oil content, the other (originally from the same variety and stock) 
having been bred during the same four years for low oil content. These 
two kinds of seed were planted in every row and in fact in every hill, 
the low oil kernels and the high oil kernels in the same hill—just far 
enough apart so that the identity of the individual plants could be known 
as they grew during the season. The corn from each of the ten rows was 
harvested in two lots, one lot being corn from high oil seed and the other 
lot being from low oil seed. The two lots from each row were kept sep- 
arate, the one being labeled as corn from the “high oil side” of the row 
and the other from the “low oil side.” 

The percentages of oil and of protein contained in these different lots 
of corn are shown in Table 13. 

These data are considered very reliable, both kinds of corn having been 
grown during the same season and in exactly the same soil and each in- 
dividual sample whose composition is shown in Table 13 being a com- 
posite sample representing many ears. The average difference in oil 
content between the high oil side and the low oil side is 1.97 percent of 
oil, while the average difference in protein is 0.18 percent. Considering — 
that the percentage of protein in the corn is twice as large as the per- 
centage of oil, it will be seen that there is less than 5 percent of a perfect 
correlation between the oil and protein. 
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TABLE 13.—OIL AND PROTEIN IN CoRN HARVESTED FROM THE “ MIxED OIL” 
Piot 1Nn 1900. 


Low oil side. High oil side. 

Row No. Oil, Protein, Oil, Protein, 
percent. percent. percent. percent. 

1 3.93 10.07 5.61 10.06 

2 3.78 9.26 5.74 9.05 

3 3.73 10.21 5.88 Jia: 

4 3.75 8.47 5.99 9.65 

5) 3.89 9:39 5.71 10.08 

6 3.80 OLFT 5.91 10.23 

7 3.60 9.80 5.60 Seat 

8 3.58 9.65 5.84 10.32 

9 4.22 918 5.68 9.15 

10 3.27 9.26 5.82 9.32 

Average ...... 3.81 9.51 5.78 9.69 


COMPOSITION OF PEDIGREED CORN. 


In order that it might be shown with even more absolute certainty 
which physical part of the corn kernel should be increased in order to in- 
crease the protein content, or the oil content, etc., forty ears of corn were 
selected from the 1902 crop from our oldest breeding plots, ten ears being 
taken from each of four different strains, namely: 

“Tllinois” High Protein Corn. 

“Tlhnois” Low Protein Corn. 

“Tllinois”” High Oil Corn. 

“Tllinois” Low Oil Corn. 
each of which represents the seventh generation of pedigreed corn, bred 
as indicated by the name. ‘Twenty-five average kernels were taken from 
each of these forty ears, the germs separated from the remainder of the 
kernel and both parts (that is, germs and endosperms*) analyzed sepa- 
rately, for each ear, another sample of the corn from each ear also being 
analyzed to show the composition of the whole corn. ‘The tabular state- 
ments show the results obtained. 

By referring to Tables 14 and 15 it will be seen that the protein con- 
tent of the low protein ears varies from 6.36 to 7.09 percent. with an aver- 
age of 6.71 percent, while the protein content of the high protein ears 
varies from 13.98 to 15.01, with an average of 14.44 percent. ‘The 
average oil content of the low protein corn is 4.21 percent and of the 
high protein ears 4.93 percent. The general averages indicate a slight 
correlation between oil and protein; however, there are several of the 
high protein ears which contain less oil than some of the low protein ears, 
thus showing that such correlation is not constant. 


*As here used the term endosperm includes all parts of the kernel except the 
germ. 
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TABLE 14.—CHEMICAL COMPOSITION OF TEN Ears oF “ILLINOIS” Low 
PROTEIN CoRN. 


Ear Protein, Oil, Ash, Carbohydrates, 
No. percent. percent. | percent. percent. 
4276 6.98 4.69 1.43 86 .90 
4281 6.60 4.21 1.33 87.86 
4286 6.87 4.16 1.19 87.78 
4287 6.37 3.90 1.40 88 .33 
4295 6.46 4.14 1.15 88 .25 
4313 7.01 4.13 1.27 87.59 
4321 7.09 3.84 1.46 87.61 
4328 6.36 4.05 1.43 88 .16 
4346 6.89 4.33 1.45 87.33 
4368 6.48 4.67 1.56 87.29 
PA VETAP EC chat. c unas abaya 4.21 1.37 87.71 


TABLE 15.—CHEMICAL COMPOSITION OF TEN Ears or “ILLINoIs” HIGH 
PROTEIN CorRN. 


Ear Protein, Oil, Ash, Carbohydrates, 
No. percent. percent. percent. percent. 
4174 14.70 5.87 1.48 77.95 
4189 14.74 4.46 1.70 79.10 
4202 14.21 4.54 1.50 79.75 
4212 14.61 4.57 1.66 79.16 
4218 14.37 4.61 1.63 79.39 
4227 14.03 5.26 1.54 79.17 
4242 14.28 5.33 1.51 78 .88 
4244 14.49 4.71 1.57 79 .23 
4253 15.01 5.01 1.38 78 .60 
4265 13.98 4.96 1.67 79.39 
PL VOTARG cca. 14.44 4.93 , 1.56. 79 .06 


Table 16 shows the percentages of protein and of germ in both the low 
protein and high protein ears. 


TABLE 16.—PROTEIN AND GERM IN LOW PROTEIN AND H1GH PROTEIN CoRN. 


Low protein corn. High protein corn. 
Ear Protein, Germ, Ear Protein, Germ, 
No. percent. percent. No. percent. percent. 
4276 6.98 9.52 4174 14.70 13.31 
4281 6.60 8.81 4189 14.74 9.51 
4286 6.87 8.42 4202 14.21 11.44 
4287 6.37 9.53 4212 14.61 10.92 
4295 6.46 7.95 4218 14.37 11.64 
4313 7.01 8.98 4227 14.03 -11.15 
4321 7.09 10.30 4242 14.28 13.21 
4328 6.36 8.88 4244 14.49 11.22 
4346 6.89 10.14 4253 15.01 9.82 
4368 6.48 10.79 4265 13.98 12.14 
Average . 6.71 9.33 Average .. 14.44 11.44 
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Here again we see a slight correlation between the average percentages 
of protein and germ in the corn kernel, although there are noteworthy 
discrepancies. Thus we have an ear containing 6.37 percent of protein 
and 9.53 percent of germ, while another ear contains 14.74 percent of 
protein and 9.51 percent of germ. In other words, the two ears contain 
practically the same percentage of germ, although one of them contains 
more than twice as much protein as the other. One of the lowest pro- 
tein ears (6.48) contains 10.79 percent of germ, while the highest pro- 
tein ear (15.01 percent) contains only 9.82 percent of germ. 

Attention is called to the fact that in selecting seed corn by chemical 
analysis for high protein there is a tendency to increase not only the horny 
starchy part (which contains more total protein than any other part of the 
corn kernel), but also to increase both the horny gluten and the germ, 
both of which, although small in amount are rich in protein; and con- 
sequently there is a slight tendency for the oil to be increased, not only in 
the germ, but also in the horny gluten (aleurone layer), which it will be 
remembered is also quite rich in oil. This is the evident explanation as 
to why there is a slightly higher degree of correlation between oil and 
protein in our pedigreed strains of corn than there is in ordinary corn 
which has not been so bred. 

Tables 17 and 18 show the percentage composition of the low oil and 
high oil ears. 


TABLE 17.—CHEMICAL COMPOSITION OF TEN Ears or “ Inuino1s” Low Ort Corn. 


Kar Protein, Oil, Ash, Carbohydrates, 
No. percent. percent. percent. percent. 
4474 9.40 2.68 1.45 86 .47 
4486 9.16 2 65 1.64 , 86.55 
4491 9.49 2.60 lize 86 .62 
4495 9.57 2.59 1.41 86.43 
4509 8.96 2.53 1.36 87.15 
4512 10.64 2.45 1.46 85.45 
4521 9.97 2.12 1.42 86.49 
4537 10.89 2.40 1.54 85.17 
4548 9:77 2.54 1.36 86.33 
4555 11.92 2.65 1.42 84.01 
Average ....... 9.98 220 1.44 86.07 


The average for the low oil corn is 2.52 percent of oil and 9.98 percent 
of protein, while the high oil contains 7.00 percent of oil and 11.31 percent 
of protein. In other words, the high oil corn contains almost three times 
as much oil as the low oil corn, but is less than one-seventh richer in pro- 
tein, showing only slight correlation between oil and protein, and with 
several ears no correlation whatever exists. For example, we have one 
ear with 10.89 percent of protein and 2.40 percent of oil and another 
ear with 10.79 percent of protein and 7.01 percent of oil, the protein 
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being practically equal, while the one ear contains nearly three times as 
much oil as the other. Again the low oil ear No. 4555 (2.65 percent of © 
oil) contains 11.92 percent of protein, or .61 percent more than the 
average of all of the high oil ears. 


TABLE 18.—CHEMICAL COMPOSITION OF TEN Ears oF “ILutInotis” Hiau Orn Corn. 


Ear Protein, Oil, Ash, Carbohydrates, 


No. percent. percent. percent. percent. 
4374. 11.86 7.10 1.64 80.00 
4411 10.79 7.01 1.40 80.80 
4412 | 9.58 6.87 1.58 81.97 
4417 10.33 7.01 1.66 81.00 
4421 12555 7.02 1.53 78 .90 
4423 11.66 6.95 1.56 79.83 
4436 11.47 Aad 1.59 79.77 
4441 12.94 7.37 1.57 78 12 
4448 11.75 6.78 1.52 79.95 
4462 10.76 6.74 1.48 81.02 
Average ....... 11.31 7.00 1.55 80.14 


TABLE 19.—O1 AND Germ IN Low Om Aanp Higu Om Corn. 


Low oil corn. High oil corn. 
Kar Oil, | Germ, Ear Oil, Germ, 
No. percent. | percent. No. percent. percent. 
4474 ‘ 2.68 + 8.05 a: 4374 7.10 12.90 
4486 2.65 8.13 4411 7.01 12.73 
4491 2.60 7.92 4412 6.87 13.73 
4495 2.59 7.39 4417 7.01 14.50 
4509 2.53 7.06 4421 7.02 14.65 
4512 2.45 7.89 4423 6.95 13.83 
4521 me he 7.13 4436 rea 7 14.10 
4537 2.40 7.57 *' 4441 ay 14.53 
4548 2.54 7.83 4448 6.78 14.35 
4555 2.65 8.47 4462 6.74 13.03 
Average... “ay 7.74 Average .. 7.00 13.84 


Table 19, giving the percentages of oil and germ in the low oil and 
high oil corn, shows a very marked correlation between oil and germ. 
The ten low oil ears contain from 2.12 to 2.68 percent of oil (average 
2.52) and from 7.06 to 8.47 percent of germ (average 7.74), while the 
ten high oil ears contain from 6.74 to 7.37 percent of oil (average 7.00), 
and from 12.73 to 14.65 percent of germ (average 13.84). There is no 
overlapping and the correlation is very distinct. Every low oil ear con- 
tains a small percentage of germ and every high oil ear a high percentage ~ 
of germ. Attention is called to the fact that the high oil corn is even 
richer in oil than would be indicated by the high percentage of germ as 
compared with the percentage of oil and germ in the low oil corn, indicat- 
ing that the breeding for high oil has not only increased the oil by in- 
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creasing the percentage of germ (which contains most of the oil), but that 
the percentage of oil in the germ itself has increased. (Of course there 
is also an increase in the percentage of oil in the horny glutenous part.) 
Similarly the percentage of oil has decreased even more rapidly than the 
percentage of germ in the low oil corn. These results are very apparent 
in the data shown in Table 20. 


EFFECT OF BREEDING ON COMPOSITION OF GERMS AND ENDOSPERMS, 


As already explained, ten ears were selected from each of the four 
different strains of corn (low protein, high protein, low oil, and high oil), 
and twenty-five kernels were taken from each of these forty ears, the 
germ being separated from the remainder of the kernel, which we call 
the endosperm. After the percentage of germ was determined from each 
individual ear, the germs from each lot of ten ears were put together to 
make two samples, each sample representing five ears. The endosperms 
were likewise put together, so that we have duplicate samples of both 
germs and endosperms for each of the four different strains. These 
samples were analyzed chemically and the results are given in Table 20. 
TaBLE 20.—CHEMICAL CoMPOSITION OF GERMS AND ENDOSPERMS FROM Low Pro- 


TEIN AND HicgH PRoTEIN CoRN AND FROM Low OIL 
AND HiGu Orn Corn. 


Kind of Part of Protein, Oil, Ash, _ | Garbo- 
corn. kernel ercent. | percent ercent hydrascs, 
3 ; P pata : ep pee percent. 
Low protein .....| Germs 18.05 | 33.59 10019 ° +8817 
17.96 34 .60 10.16 37.28 
High protein.....| Germs 20.85 34.99 10-12 34.04 
21.65 862,02) iin) 10 07 32 .26 
oo 2c Baer Germs 21.70 25.01 13713 40.16 
BIA Ce wed 62 13.36 40.31 
High oil ........ Germs 17.55 ara7e that “age wera od 
17.84 | 41.75 8.81 31.60 
Low protein .....| Endosperms 5.69 .83 .43 93 .05 
5.68 91 .43 92.98 
High protein ....| Endosperms |( 13.67 76 36 85.21 
13:02 Rcd do 72 41 | 84.95 
OO TS a Endosperms fg 3B 702 47 89.88 
9.14 | 51 43 89 .92 
Pero. es): Endosperms 10.62 1.07 36 87.95 
10.10 1.24 .39 88 .27 


These results show in a very striking manner the effect of breeding in 
changing the composition of the different physical parts of the kernel. 
Thus the germs from the low oil corn contain about 25 percent of oil, 
while those from the high oil corn contain nearly 42 percent of oil. As 
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stated above, breeding to change the oil content not only changes the 
‘percentage of germ, but it also changes the percentage of oil in the germ. 
It should also be noted that endosperms from the high oil corn contain 
more than twice as much oil as those from the low oil corn, although ‘the 
percentage of oil in the endosperm is very small even in the high oil corn, 
and this oil is largely contained in the horny gluten. 

Perhaps the most marked and valuable results are shown in the per- 
centages of protein contained in the endosperms from low protein and 
high protein corn; the endosperms from the low. protein corn contain less 
than 6 percent of protein, while those from the high protein corn con- 
tain nearly 14 percent of protein. These results, in connection with 
others which we have given, would seem to prove very conclusively 
that to select high protein seed corn by mechanical examination we should 
select principally for a large proportion of the more nitrogenous part of 
the endosperm; that is, the horny part. To select only for large germs 
will have only a slight effect upon the protein content of the corn, al- 
though it will produce a rapid and marked increase in the oil content. 

Referring again to Table 20, it will be seen that the endosperms from 
the high oil corn contain about one percent more protein than those from 
the low oil corn. On the other hand, the germs from high oil corn con- 
tain less protein (17.7 percent) than those from low oil corn (21.7 per- 
cent), the difference being 4 percent protein in favor of the low oil corn. 

These results were to be expected even from a study of the analyses of 
the 163 ears reported in Bulletin No. 55, in 1899, which showed that large 
germs were naturally even richer in oil than the size of the germs would 
indicate, and that there is but very slight correlation between oil and pro- 
tein, the increased oil tending to decrease the percentage, though not the 
actual amount of protein in the germ. It will be seen from Tables 19 and 
20 that the high oil corn contains neatly twice as much germ as the low 
oil corn, and that the germs from high oil corn are more than one and one- 
half times richer in oil than the germs from the low oil corn; but that, 
although the high oil germs contain a larger total amount of protein 
because of their increased size), they are really considerably poorer in 
percentage of protein than the low oil germs. 

It is perhaps worth while to consider the evident fact that, even if the 
protein should increase in the germ in the same proportion as the oil 
(which is not the case), we should need to increase the oil two pounds for 
every one pound increase in protein obtained, if we depend upon the 
method of picking our high protein seed corn by selecting for large germs. 
In other words, to increase the protein in corn from 10 percent to 15 per- 
cent by this method, would require the oil in the corn to be increased ~ 
from 5 percent to 15 percent. 

Although we do not assume to say what should be the percentage of 
oil in corn for feeding purposes, we do take the liberty of raising the ques- 
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tion whether the popular opinion that the oil in corn should be increased 
for feeding purposes may not be erroneous. Certainly the investigations 
of Lehmann in Germany and of Shutt in Canada have indicated very 
strongly that corn is already too rich in oil to be suitable as a foodstuff 
for bacon hogs. It may also be called to mind that some other excellent 
foodstuffs, such as oats, bran, barley, red clover and alfalfa, contain less 
than half as much oil as is already contained in ordinary corn. 

Attention is called to the fact that although the physical parts of the 
corn kernel which contain nearly all of the oil (namely the germ and the 
horny gluten) also contain most of the ash, yet a high percentage of ash 
in the germs is associated with a low percentage of oil, and vice versa, 
indicating that the ash content of the germ (which includes the major 
part of the ash of the entire kernel) bears a more constant relation to the 
oil-free material in the germ than to the whole germ. By computation 
we find that the oil-free germs contain the percentages of ash given in 
Table 21 (assuming the oil to contain no ash, which is approximately 
correct*). 


TABLE 21.—PERCENTAGE OF ASH IN GERMS. 


In fresh In oil-free 

germs. germs. 

SOMO MW PTOLEIN. CORN «cox oni aud alee os socks’. Gest 10.19 15.34 
10.16 15.54 

PeremnreH. TIVOLI COMME ok oe. ody ali oe 82 10.12 15.57 
10.07 15.74 

MUIR OL) COND) 12 9. 5c) Fac aE ee cae Satara hla ws Bh es 13h 13 17,61 
13.36 17.72 

RE QU. COLT woe oe irs sin Cha kh: Pale sdauh brite» Yel wes 8.75 15.02 
8.81 15.12 


Breeding for high or low protein produces no marked effect upon the 
ash content or the oil content of either the germs or the endosperms, and 
only slightly influences the protein content of the germs. (The low pro- 
tein germs contain about 18 percent of protein and the high protein 
germs about 21 percent.) The results show that such breeding produces 
exceedingly marked effects upon the protein content of the endosperms, 
the low protein endosperms containing less than 6 percent and the high 
protein endosperms nearly 14 percent of protein. In this connection it 
is well to remember that the corn kernel usually contains only about 11 
percent of germ, while the endosperm amounts to about 89 percent of the 
kernel. The significance of this becomes more readily apparent by an 
examination of Table 22, which shows where the protein actually exists 
in 100 pounds of corn. 


* Actual determinations of the ash in corn oil have shown that the oil contains 
only 0.2 per cent of ash. 
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TABLE 22.— PROTEIN IN 100 Pounps or Corn. 


Low protein corn. High protein corn. pe 
Names Percent | Percent | Pounds | Percent | Percent | Pounds | Pounds 
of of of of of of of of 
parts. corn. | protein.| protein.| corn. | protein. | protein. | protein. 
Inigerms:+ +227 29433 18.01 1.68 11.44 21:25 2.43 18 
Inendosperms| 90.67 5.69 5.16 88 .56 13.80 ifcee 7.06 


We thus find as a result of corn breeding that in the seventh genera- 
tion we have a maximum difference of only .75 pound of protein in the 
germs from 100 pounds of low protein and high protein corn, while in the 
endosperms from these two kinds of corn we have a difference of 7.06 
pounds of protein, in 100 pounds of corn. In other words, in changing 
the protein content of corn the effect produced in the endosperms amounts 
to almost’ten times the effect produced in the germs. 


THE COMPOSITION OF Hominy Miuu Propuwcts. 


Besides the investigations which we have carried on along this particu- 
lar line in connection with our work of corn breeding, we have also made 
some study of factory products, especially the products from hominy 
mills, which make use of immense quantities of corn. 

In the regular process of milling corn, a very large number of separa- 
tions are made and several distinctly different final products are obtained, 
some of which are composed almost entirely of certain distinct physical 
parts of the corn kernel. ‘The following is a brief and very general de- 
scription of the usual process of corn milling: | 

The whole corn is somewhat softened by steaming and is then run 
through a hulling machine, which not ‘only removes the hull, but loosens 
the germ and breaks off the horny gluten and more or less white starch. 
The dust or pulverized material coming from the hulling machine con- 
sists largely of white starch and horny gluten. The hulls and germs are 
each separated but not in very pure condition, leaving what is termed 
hominy, which consists chiefly of the horny starchy part of the kernel, 
with more or less adhering white starch. 

The product which is known as grits is made from the hominy afd 
consists of the horny starchy part separated in very pure form. In 
making grits the coarse hominy is run through a grinding machine and 
reduced to a coarse powder which may be termed coarse grits, much of 
the adhering white starch being rubbed off from the horny starch in this 
process. ‘The coarse grits are then run through one or two more grinding 
machines, until the horny starch is reduced to a rather fine powder, which 
may be termed fine grits. This material consists of the horny starch in 
very pure condition. After each grinding the fine dust consisting largely 


was, - 
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of the white starch is separated from the grits and goes into the product 
known as corn flour. 

In addition to the corn flour thus regularly separated and handled in 
considerable quantities, there is constantly produced a small amount of 
what is termed “break” flour. This isan exceedingly fine dust also pro- 
duced in the process of breaking the corn particles in the grinding machines 
which reduce the hominy to grits. The break flour is carried from the 
machine by an air current through conduits and finally collected. This 
is another very pure form of the white starch. 

Thus, in the regular milling process there are two physical parts of the 
corn kernel separated in very pure form: namely, horny starch (fine 
grits) and white starch (break flour or corn flour) and two other distinct 
parts which are separated somewhat less perfectly, the hulls and the 
germs. 

By the courtesy of the manager of the American Hominy Company’s 
Mills at Decatur we were allowed to collect representative samples of 
_ these different products for analysis. The composition of these products 
is given in Table 23, and it will be found interesting to compare these 
results with the composition of the same products, or parts, which were 
obtained by exact hand separation, as given in Table 1. For conve- 
nience in comparison Table 23 also shows the composition of these parts 
as obtained from Ear No. 1 (Table 1), which is very similar to the corn 
which was being used in the mill at the time the samples were taken. 
This was fairly representative of the ordinary white corn grown in 1902, 
nearly all of which was abnormally low in protein, owing to seasonal in- 
fluences. 


TABLE 23.—ComposiTION oF PaRTS OF THE CorN KERNEL SEPARATED BY 
Hominy MILu AND By Hanp. 


Names of parts. Methods of | Protein,} Oil, Ash, tarp 

separation. | percent. | percent. | percent. ae eat Ns 
ee By mill 6.85 2.94 Poll 89.10 
Es oie s ce se ws By hand 4.97 Je .82 93.29 
Horny starch (fine grits) ..|/ By mill 8.46 44 .26 90.84 
mieeny starch ..,......... By hand 8.12 16 18 91.54 
White starch (corn flour*).| By mill 5.91 1.63 .49 91.97 
White starch (break flour) | By mill 5.88 2.04 .68 91.40 
White starch (from tip),...| By hand 6.10 .29 .29 93.31 
Dl i Se By mill 15.84 | 21.26 7 Al 55.49 
0 By hand 19.91 36.54 | 10.48 33 .07 
memole.com..,....... ....| Mill sample 9.31 4.20 1.43 85.06 


A CS Har No. 1 9.28 4.20 1.41 85 11 


*Obtained by direct separation from grits. 


aia 


110 BuLueTIN No. 87. [August, 


In general the composition of these mill separations agrees with the 
composition of the same parts separated by hand, although in nearly 
all cases the mill products show more or less contamination or mixture 
with other parts of the kernel. Thus the mill hulls are noticeably high 
in protein and oil owing to the presence of some particles of horny gluten 
and germ; while the mill germs are too low in protein and oil because of 
the presence of some hulls and tip caps. Furthermore, some oil is lost 
from the germ and absorbed by other parts in the milling process. 
The fine grits are almost pure horny starch, except that they contain 
about twice as much oil as the hand-separated product. This is doubt- 
less due to the fact that some germs are broken or crushed in the hulling 
machine and the liberated oil is absorbed to some extent by the hominy, 
chiefly, of course, by the white starch, as indicated by the high oil content 
of the break flour and the other regularly separated corn flour, although 
it is evident that a small portion of this liberated oil remains adhering to 
the fine grits. The white starch contains 5.88 to 5.91 percent of protein, 
while the horny starch (fine grits) contains 8.46 percent, or almost one- 
half more. | | : 

It will be observed that the two samples of whole corn are almost 
identical in composition. While the corn is fairly representative of 
much of the white corn grown during the season of 1902, attention is 
called to the apparent fact that this is not the most suitable corn for the 
manufacture of hominy and grits. It seems evident that corn containing 
a higher percentage of the horny starchy part would be more valuable for 
the hominy mill. The manager of the American Hominy Company’s 
Mills at Decatur has assured the writer that he prefers corn which shall 
run high in grits (horny starch), but he does not desire that the oil content 
should be increased; indeed, it would be much better for milling purposes 
to have the percentage of oil in corn-:reduced, because of the difficulty of 
preventing the oil from being absorbed by other products and injuring 
their quality, the tendency being for the oil to become rancid when ex- 
posed to the air. The hominy mills offer some encouragement to farmers 
to grow corn especially suited to their use. 


SUMMARY OF BULLETIN No. 87. 


The investigations reported in this bulletin serve to establish the fol- 
lowing facts: 

1. The kernel of corn consists of six readily observable and distinctly 
different physical parts, which are known as (1) the tip cap, (2) the hull 
(3) the horny gluten, (4).the horny starch, (5) the white starch, (6) the 
germ. ) 

2. The tip cap covers the tip or base of the kernel and comprises only 
about 1.5: percent of the grain. : 

3. The hull is the very thin outer coat. It comprises about 6 percent j 
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of the kernel and contains a lower percentage of protein (about 4 percent) 
than any other part of the kernel. 

4. The horny glutenous part (aleurone layer) lies underneath the hull 

surrounding the kernel. It comprises from 8 to 14 percent of the grain 
(being more abundant in high protein corn), and it contains from 20 to 
25 percent of protein, being the richest in protein of all the parts of the 
corn kernel. 
5. The horny starchy part is the chief substance in the sides and back 
of the kernel (the germ face being considered the front of the kernel). 
This substance comprises about 45 percent of ordinary corn, but is much 
more abundant in high protein corn and less abundant in low protein. 
Although rich in starch it contains about 10 percent of protein (more in 
the high protein corn and less in low protein corn). It contains a greater 
total amount of protein than any other part of the kernel. 

6. The white starchy part occupies the center of the crown end of the 
kernel and usually partially surrounds the germ. It comprises about 25 
percent of the kernel (less in high protein corn and more in low protein 
corn). It is poor in protein (5 to 8 percent). ; 

7. The germ occupies the central part of the kernel toward the tip 
end. It comprises about 11 per cent of the kernel (more in high oil corn 
and less in low oil corn). The germ contains from 35 to 40 percent of 
corn oil or from 80 to 85 percent of the total oil content of the corn kernel. 

8. High protein corn contains a large proportion of the horny parts 
(both of the horny glutenous part and the horny starchy part), and a 
correspondingly smaller proportion of the white starchy part. The horny 
parts comprise more than 60 percent of high protein corn and contain 
about 80 percent of the total protein content of very high protein corn. 

9. The value and reliability of the method proposed in previous 
bulletins by which any farmer can select high protein seed corn (selecting 
for a large proportion of horny parts) by a simple mechanical examina- 
tion of the corn kernels has been fully confirmed by the results Which 
have been subsequently obtained and which are now reported in this 
bulletin. 

10. The value of the method proposed for picking out high oil seed 
corn by selecting for a large proportion of germ is also fully established. 

11. The degree of correlation existing in the corn kernel between the 
percentages of germ and protein is very slight and is frequently entirely 
absent, consequently the proportion of germ in the corn kernel is not a 
reliable index of its protein content. 

12. The composition of the different products obtained from corn by 
hominy mills, as well as by other factories, serves greatly to emphasize 
_ the importance of breeding corn for special purposes. 

(For more complete details of corn breeding, the reader is referred to 
BnlJetin No. 82, “ Methods of Corn Breeding,” which can be obtained upon 
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SOIL TREATMENT FOR WHEAT IN ROTA- 
feos WiLL SoPBCIAL KEEERENCE 
hoe OW Bo rkeNel LINO. SOILs. 


By CYRIL G. HOPKINS, Pu. D., CHIEF IN AGRONOMY AND CHEMISTRY. 


In connection with the investigation of Illinois soils, the University 
of Illinois is conducting soil experiment fields on the most important 
types of soil in different sections of the state. The object of these ex- 
periments is to determine the best methods of soil treatment and the 
most suitable rotations for maintaining and increasing the productive 
capacity of Illinois soils. ‘These soil experiment fields have been in 
operation only two years, but some results already obtained are so sug- 
gestive that it is believed they will be of value to the farmers and land 
owners of Illinois, and for that reason this preliminary bulletin is pub- 
lished at this time, giving results obtained with various kinds of soil 
treatment for wheat grown in rotations. It should be definitely under- 
stood that the soil treatment and rotations which we are trying must be 
_ followed for six or eight years at least before final conclusions can be 
drawn, whereas we have obtained only two years’ results, not having 
_ had time as yet to complete even a three-year rotation. 

113 
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PLAN OF EXPERIMENTS. 


The plan of the rotations which we have adopted includes a liberal use 
of legumes (clover, cow peas, soy beans, vetch, etc.), both as catch crops 
and as regular crops in the rotation, but the 1902 crops were the first we 
have grown upon these soil experiment fields, and, of course, the wheat 
grown that year preceded the leguminous catch crops and received no 
benefit from them. In 1903 the wheat on certain plots followed either 
a regular crop or a catch crop of legumes, grown in 1902. | 

Our regular three-year rotation is as follows: 

First year—Corn or wheat (with a legume catch crop on certain plots). 

Second year—Oats (with a legume catch crop on the same plots as in 
the first year). 

Third year—Legume (clover, cow peas, or some other legume). 

All legume catch crops are plowed under for the benefit of the land. 
(Wherever practicable they may be pastured off.) 

For a catch crop with corn, cow peas or soy beans are seeded 
between the rows when the corn is laid by, about the first of July; or win- 
ter vetch may be seeded with the cow peas or soy beans or it may be 
seeded alone when the corn is laid by, or at any time during July or 
August. The cow peas or soy beans usually grow rapidly until frost, 
while the vetch grows much more slowly at first, but continues to grow 
during the fall and again the next spring. In favorable seasons clover 
may be seeded in the corn when it is laid by to serve as a catch crop. 

For a catch crop with wheat or oats, clover may be seeded in the spring 
or cow peas, soy beans, or winter vetch may be seeded as soon as possible 
after the wheat or oats is harvested, the stubble ground being either 
disked or preferably plowed, before seeding the catch crop. 

The regular legume crop is usually ‘all harvested and removed from 
the land, but on land which is very deficient in nitrogen this full crop of 
legumes may be plowed under on the same plots upon which legume 
catch crops are grown. 

A regular four-year rotation may be: 

Corn, corn, oats and legume, or 
corn, oats, wheat and legume, or 
wheat, wheat, oats and legume. 

A five-year rotation would be the same as a four-year rotation except 
that it would include one more crop of corn or wheat, or one of timothy. 

In all rotations certain plots are seeded with legume catch crops every 
year. When a legume catch crop is grown or when the regular full crop 
of legumes on any plot is plowed under, it is termied “legume treatment.” 
It is not called “legume treatment” when a full crop of legumes is grown 
and the entire crop removed from the land, as is usually done one year 
in all rotations. 
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Where lime is applied the amount used is governed by the need of the 
soil as ascertained by a determination of the soil acidity. On some soils 
the first application must be heavy, sometimes amounting to several tons, 
but afterward an application of 1,000 or 2,000 pounds once in six or eight 
years will probably be sufficient to keep the soil sweet. 

Where phosphorus is applied, the regular plan is to apply 400 pounds 
of fine ground steamed bone meal the first year and afterwards 200 
pounds a year. (On some fields, instead of 400 or 200 pounds of bone 
meal, we use 1,000 or 500 pounds, respectively, of ground rock phosphate.) 

Where potassium is applied, the plan is to apply 200 pounds of potas- 
sium chlorid (“‘muriate” of potash), or 200 pounds of potassium sul- 
fate the first year, and afterward 100 pounds a year. 

On some of the fields, farm manure is also applied to certain plots, not 
only alone, but also in various combinations with other fertilizers. Where 
manure is applied, the regular plan is to apply it at the rate of two tons 
per acre per annum, but it is applied only once in a rotation. Thus, 
in a three-year rotation of corn, oats, and clover the manure would be 
applied at the rate of six tons per acre for the corn crop only. _ In a four- 
year rotation, eight tons per acre would be applied once in four years. 

Attention is called to the fact that in considering yields from field 
experiments some allowance must be made for the natural variation 
which may exist between different plots. Very great care was taken in 
locating these soil experiment fields to select uniform land and our regu- 
lar rule is to use the best land for the check plots (plots with no treatment) 
in case there is any indication of soil variation in the field. This is done in 
order that the results obtained by soil treatment shall not be exaggerated. 

In this connection I have great pleasure in expressing my sincere 
appreciation of the faithful care and patience of the progressive farmers 
upon whose farms our soil experiment fields are located, who have had im- 
mediate charge of the regular work in carrying on these soil experiments. 
Their names are mentioned in connection with the descriptions of the 
individual fields. 

Especial credit is due to my field assistant in soil experiments, Mr. J. E. 
Readhimer, who has superintended all of these fields, and has taken 
immediate charge of all operations not included in ordinary farm work, 
such as applying the different elements of plant food to the proper indi- 
vidual plots, taking exact yields of crops produced, and other unusual work. 

(for more complete information regarding the different elements of 
plant food, the amounts required by different crops, and the purchase, 
use, and application of fertilizers, and for descriptions of the different 
soil areas in the state, the reader is referred to Illinois Experiment 
Station Circular No. 68, ‘“Methods of Maintaining the Productive Capacity 
of Illinois Soils,’’ which will be sent upon request.to any farmer or land 
owner in the state.) cos 
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VIENNA SOIL EXPERIMENT FIELD. 


This experiment field is located in the N. E. 10, N. E. 40, N. E. 4, Sec. 9, 
Twp. 13 8., R.3 E. of 3d P. M., on the farm of Mr. J.M. Price, near Vienna, 
Johnson County, on soil which is believed to be fairly representative of 
the common so-called ‘‘red clay’”’ hill soil, the principal type in the un- 
glaciated area, which includes the seven southernmost counties in the state. 

This experiment field consists of fifteen fifth-acre plots arranged in 
three series of five plots each, numbered from 1 to 5. 

The rotation for this field is: 

First Year—Corn or wheat (with a legume catch crop on plots 2, 3, 4, 
and 5). 

Second Year—Oats (with a legume catch crop on plots 2, 3, 4, and 5). 

Third Year.—Legume (clover, cow peas, soy beans, or some other 
legume). 

- All regular crops in the rotation are grown every year; thus, one series 
of five plots may grow wheat, the next series oats, and the third series cow 
peas. The following year wheat would follow the cow peas, oats follow 
the wheat, and cow peas would be seeded on the series which had grown 
oats. Thus every crop is grown every year, which would not be the case 
if we made use of only one series of plots growing wheat one year, oats the 
next, and cow peas the next. The soil treatment is the same for each 
series. Plot No. 1 (in each series) receives no soil treatment, plot No. 2 
receives the legume treatment; plot No. 3 legume treatment and lime; 
plot No. 4 legume treatment with lime and phosphorus; and plot No. 5 
legume treatment with lime, phosphorus, and potassium. Thus lime is 
applied to plots 3, 4, and 5; phosphorus to gies 4 and 5; and potassium is 
applied to plot 5 only. 

Wheat was not grown on the Vienna field in 1902, but in 1903 it was 
grown on one series of five plots. These plots had grown a regular crop 
of cow peas in 1902 and on plots 2, 3, 4, and 5, this lezume crop had been 
plowed under. 

Table 1 shows the kinds of treatment applied to the different plots and 
the yields of wheat obtained in 1903. 


TABLE 1.—Crop YIELDS IN Soi, EXPERIMENTS; VIENNA FIELD. 


ip Soil treatment applied* to “ Red Clay” hill soil of the ungla- Bushes 
Ge ciated area. acre ae 

0. 

1 Nome 52. ostae ik eee a a eee, ea ee 0.4T 

2 Lie Que 5%, sae eee ees Pehle ale ee . “O2aa 

3 Legume, lime). 3. *:.0..'. «dina 40 ep eoeteeains oe eee 0.77 

4 Legume; lime,phosphorus<?. = 7). 278,227. Ale. eee 8.0 

5 Legume, lime, phosphorus, potassium .................... 11.0 


* Only a part of the lime was applied before growing the 1902 crop; the rest afterms 3 
that crop was harvested. 
t The yields for these three plots were estimated (see Table 2). : 
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The wheat was practically a total failure on the three plots which had 
received no phosphorus, although a crop of legumes had been turned 
under on plot 2 and legumes with lime on plot 3. 

Plot 4 which received phosphorus, with lezume treatment and lime, 
yielded eight bushels per acre; and plot 5, which received legume treat- 
ment with lime, phosphorus, and potassium, yielded eleven bushels. 

Of course the season was considered exceptionally unfavorable for 
wheat, otherwise a small crop at least would have been obtained on the 
untreated plot. Many large fields of wheat in the vicinity of Vienna 
were practically failures, several farmers reporting yields no greater than 
the seed which had been sown. 

Opin Sor. ExPERIMENT FIELD. 

This experiment field is located chiefly in the 8. W. 40, S. W.4, Sec. 14, 
Twp. 2 N., R. 1 E. of 3d P. M., on the farm of Col. N. B. Morrison, near 
Odin, Marion County, on the ordinary gray silt soil (commonly called 
“white clay’’ soil) of the lower Illinoisan glaciation, a soil area which in- 
cludes more or less of about twenty-five counties in South Central Illinois. 

This experiment field consists of forty fifth-acre plots arranged in four 
series of ten plots each, five of each series of ten plots being tile-drained 
and the other five not tile-drained. (Four-inch tile are laid about three 
and a half feet deep and five rods apart, one string through the center of 
each drained plot.) 

Wheat was not grown on this field in 1902, but in 1903 it was grown 
in the one series upon plots which had grown oats in 1902, the oats having 
been followed by a catch crop of cow peas on certain plots as indicated in 
Table 2, which shows the kinds of treatment applied to the different 
plots and the yields of oats obtained in 1902 and of wheat obtained in 1903. 


TasBLE 2.—Crop YIELDS IN SoIL EXPERIMENTS; ODIN FIELD. 


Oats, 1902. 

. Bushels per acre. 
Soil Soil treatment applied * to gray silt soil of the eres 
plot lower Illinois glaciation. Not tile- Tile- 
No. drained. | drained. 

1 See MerteR ey hia. ds a Ee ec acta vars Soa 15.8 122 

2 | SSRI Stead Se Sage on ae ee oe 16.1 10.3 

3 Berpratties MINGe Rat. oh foe eb ea dt idem: Bios av atos 14.1 Lie 

4 Meruime, lime, Phosphorus «205225 cess cee end a es 16.7 19.2 

5 Legume, lime, phosphorus, potassium ............ 18.8 Fer 

Wueat, 1903. 

1 re eet Me rat NS Sea Y Ge ee is Baga. 4 0.47 0.57 

74 Wee le PON ee ty aly ek Fieake wes Gace cadres 0.57 0.6T 

3 ELECTORS TV SSS pel ee RP i 8 ee, Geary: eet 

4 mecurae Me“ DROSDHOTUS .),.).y seis bint ws» he toes 5.8 13.4 

5 Legume, lime, phosphorus, potassium ............ 14.0 15.2 


* The legume treatment applies only to the crop yields for 1903, and only a part 
of the lime was applied before the 1902 crop was grown. 

+ The sheaves, or bundles, from each of these six very low yielding plots were 
counted separately, but the wheat from the six plots was all threshed as one lot, 
and the weights then apportioned among the different plots as indicated by the 
number of bundles. The yields from the first three lots on the Vienna Field were 
estimated to be the same as from the corresponding untiled Odin plots. All other 
yields given are actual weights. 
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PLATE 1.—WuHeEatT Crop witH No TREATMENT: Opin Sort EXPERIMENT FIELD. 


Plates 1,2, and 3 show the condition of several of the wheat plots just 
before they were harvested. 
Plate 1 is from a photograph of the tile-drained plot No. 1, which had 


PuaTE 2.—WHEAT Crop witH LEGUME AND LimE TREATMENT: Opin SoIL 
EXPERIMENT FIELD, 
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PLATE 3.—WHEAT Crop with LEGUME, LIME, AND PHOSPHORUS TREATMENT: 
Opin Sor EXPERIMENT FIELD. 


received no special soil treatment and which yielded 0.5 bushels of wheat 
per acre. 

Plate 2 shows the condition of the wheat on the tile-drained plot No. 
3 which received lime and on which a catch crop of cow peas had been 
turned under. It yielded 2.1 bushels of wheat per acre. 

Plate 3 shows the wheat on the tile-drained plot No. 4, which received 
lime, phosphorus and legume treatment. It yielded 13.4 bushels of 
wheat, or 11.3 bushels more than plot No. 3, the increase apparently due 
to the application of phosphorus. 

It will be observed that the tile-drained plot No. 4 (legume, lime, 
phosphorus), produced a noticeably higher yield of both oats and wheat 
than the corresponding undrained plot, the difference in yield being 2.5 
bushels of oats and 7.6 bushels of wheat in favor of the drained plot. 
On the other hand, on the first three plots the tile-drained land gives 
smaller yields of oats and only slightly larger yields of wheat than the 


undrained land. 
CuTLER Sor, EXPERIMENT FIELD. 


This experiment field is located chiefly in the N. 20,8. E. 40, N. W. 4, Sec. 
19, Twp. 58., R. 4 W. of 3d P. M., on the farm of Mr. W. E. Braden about 


five miles northwest of Cutler, on the line between Perry and Randolph 
counties, on the so-called ‘‘white clay’’* (gray silt) soil of the lower 


* This soil is not clay, but largely silt. It might be called a gray silt loam; it is 
a fine friable powder (finer than sand) ; but it is not plastic clay. 


2 
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Illinoisan glaciation, but the soil at Cutler is perhaps a slightly better 
phase of this type than that at Odin. 

The rotation experiments occupy thirty fifth-acre plots arranged in 
three divisions of ten plots each. Wheat was grown on ten plots in 1902. 
The results obtained are given in Table 3. | 


TABLE 3.—Crop YIELDS IN Sort EXPERIMENTS; CUTLER FIELD 


at Soil treatment applied to gray silt soil in the lower be 
No Ilinoisan glaciation. 1902. 
i NOM si eal Soh des Hip sod oe ESA ce pee 12.8 
74 None: 22 ee se as eee eee he a ee 12.4 
Bd NOG fag Ferd fae ton Gee ale oe te Dig a ee 12.4 
4 NOG (se ats We ee es el a ah as ee 13.3 
5 None oi:fo5 32S otis (oe cree he ae La 12.9 
6 Phosphorus ae se tan cs 42 sae eee i Wa SR ow oe 16.9 
7) Phosphorus: cael ces setae Sick eae ee 16.1 
8) “Phosphorus? potassniny 7 oe oe. aan eee 20.8 
¢. 9. >| Phosphoris, potassitiwe cist. sence oe eee ieee 19.4 
10:0). Phosphorus, potassium. .- .i52 eee 20.8 


In 1903 wheat was grown on ten plots which had grown a regular crop 
of cow peas in 1902. On plots 2, 4, 6, and 8 the cow peas were turned 
under (“legume treatment’’); but on the other plots the crop of cow peas 
was harvested and removed. On plots 3, 5, 7, and 9 an application of 
farm manure was made to the cow-pea stubble ground, which was then 
plowed for wheat. Table 4 shows the results obtained in 1903. 


TasBLE 4.—Crop YIELDS IN Sort EXPERIMENTS; CUTLER FIELD. 


pele Soil treatment applied to gray silt soil in the lower Pu Ls - 
No Tilinoisan glaciation. oe ona ; 
1 NOG.) cro Gy crestor Fount eee ae ae rN isco ok does 6.0 
2 TeguIniGe tna cas 2 ae ee eee Oe. ae ee OZ 
3 Manure Abit ihc tatoo oe eee ian ee 6 oe 12.1 
4°}; hewume, limGeo as 6 ix ane eal ns cae ge ee 13.5 
5 Manure, lites ot oe ae eo eee ve, ak oe 13.3 
6 al<Leguine, limesphosphorus:s, iss .2 72. ss 20.3 
7. }- Manure, lime, phosphorus ..x..4.5. 2. adnate eee 20.8 
8 | Legume, lime, phosphorus, potassium .................... 26.8 
9 °|, Manure; lime;‘phosphorus, potassium. .....4)5. 40a. 24.0 
10 Lime, phosphorus, potassium. .5 0...>42. 0.00. a 72 | 


The yields of wheat obtained from the crops of 1902 and 1903 on the 
Cutler experiment field certainly show very markedly the effect of applica- 
tions of plant food. 

In 1902 there were five plots which received no treatment and the 
yields from those five plots were exceedingly uniform, varying from 12.4 
to 13.3 bushels. Phosphorus gave an increase of about 4 bushels. and 
both phosphorus and potassium an increase of about eight bushels, above 
the yields from the untreated plots. 
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In 1903 the yield on the untreated plot was six bushels. Where cow 
peas had been turned under the yield was increased by 3.2 bushels, and 
where lime was applied and cow peas turned under the increase was 7.5 
bushels over the untreated plot, making a yield of 13.5 bushels. Legume, 
lime, and phosphorus gave a yield of 20.3 bushels, an increase of 14.3 
bushels over the untreated plot; and with legume, lime, phosphorus, and 
potassium the total yield was 26.8 bushels of wheat, making a net in- 
crease of 20.8 bushels over the untreated plot. 

Manure produced almost the same effect as turning under cow peas, 
except that when no other treatment was added the manure gave 2.9 
bushels better yield than the legume treatment, whereas, when all other 
treatments were added (plots 208 and 209), the legume gave 2.8 bushels 
better yield than the manure. 

Where lime, phosphorus, and potassium were applied without legume 
or manure (plot 210) the yield was 21.1 bushels, which is 15.1 bushels 
. more than the untreated plot, but 5.7 bushels less than where cow peas 
-were turned under, and 2.9 bushels less than where manure was used with 
applications of lime, phosphorus and potassium. 

It is probable that the legume supplies more nitrogen (gathered from 
the air) than the manure, but the manure adds to the soil a small amount 
_ of phosphorus and a considerable quantity of potassium, while the legume 
supplies no phosphorus or potassium except what it takes from the soil 
in growing. 
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Puate 4.—WuHeEatT Crop with No TREATMENT: CUTLER SOIL EXPERIMENT 
FIELD. 


Plate 4 shows the wheat crop on the untreated plot No. 1; and Plate 5 
shows plot No. 6 (legume, lime, phosphorus) on the left, and plot No. 7 
(manure, lime, phosphorus) on the right; also in the center, between the 
plots, an untreated half-rod division strip. 


‘MascoutTau Soin EXPERIMENT FIELD. 


This experiment field is located in the 8. 20, 8. W. 40,8. E. 4, See. 17, 
Twp. 1 N., R. 6 W. of 3d P. M., on the farm of Mr. George Postel (ope- 
rated by Mr. John A. Rumer), about three miles north of Mascoutah, © 
St. Clair County, on the brown silt soil of the middle Ilinoisan glaciation. 

This soil in St. Clair County is evidently a somewhat lighter phase of 
the type than is found farther north. (This is the principal type of soil 
in Sangamon and adjoining counties, but in St. Clair County the soil is 
somewhat older and more worn. ) .. 

The rotation experiments on this field occupy forty tenth-acre plots, 
arranged in four series of ten plots each. The rotation followed thus 
far is corn, oats, wheat, and cow peas, with lezume catch crops on certain & , 
plots with or after the corn, oats, and wheat. 
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In 1902, the results obtained with wheat were as shown in Table 5. 


TaBLE 5.—Crop YIELDS IN Soin EXPERIMENTS; MascouTaH FIELD. 


sare Soil treatment applied* to brown silt soil of the use 
No. middle Illinoisan glaciation. 1902. 
1 Nome 2555.5 5 en geet are ee ea ee ea 19ey: 
2 None 5... Sock oad Cera en ee 15.2 
3 None os so eae OL eta coe ren 15.3 
AP} Dimes. oo Peck ip aaa nia etn ae ae 17 
5} Laman. ae os owe atin te a aaa occ oe eA 16.5 
6. .|)- Lime; phosphorus:53 aye hee ne es ee 24.7 
7 | Lime, phosphorus: oy seus. a en ae een ene ee 28.0 
8 -| Lime, phosphorus, potassium) yas.) eae th ee ee 29.8 
9 Lime; phosphorus, polassiuni- 2.4 aie ee ee 31.7 
10 | Lime, phosphorus, DOtASSi UMN WF. ass ak er ea oe ee ' 39.8 


* Only part of the lime was applied before growing the 1902 crop. 


These results show very markedly the effect of phosphorus, the yield 
of wheat having been increased by that element from about sixteen 
bushels to twenty-six bushels. Where potassium was applied there was 
a farther increase, but the results are quite discordant from plots treated 
alike, indicating some soil differences. 

In 1903 wheat was grown on plots which had grown oats in 1902, a 
catch crop of cow peas (seeded on the stubble ground), having been 
erown after the oats on certain plots (“legume treatment”). The ground 
was plowed for wheat about September 20, 1902, and the wheat seeded 
soon afterward. ‘The weather conditions which followed proved very un- 
favorable for wheat seeded on late plowing, and the early seeded wheat 
was badly injured by the Hessian fly; consequently the 1903 wheat crop 
on these plots was practically a failure—very much poorer than on ad- 
joining land which had been plowed early in the fall. ‘The results ob- 
tained are of little value and if not understood would be misleading as to 
the effect of the different kinds of soil treatment. Table 6 gives the 
yields of oats in 1902, and of wheat in 1903, obtained on these plots. 


TABLE 6.—CrRop YIELDS IN SoIL EXPERIMENTS; MAscouTAH FIELD. 


Soil : Bushels per acre. 
hat Soil treatment applied* to brown silt loam 
No of the middle Illinoisan glaciation. Oats, Wheat, 
1902. 1903. 
i) None .. ..: eects ere epee nade eo Nt serie 31.6 4.7 
2 Legume .. 2820 iie smeeasune ides ee rath a ies ee 37.2 5.0 
3 None ¢ i . diiiee, Se pea et aa eee ee 41.6 4.8 
4 Legume, Times rie tos ty cae teeta 43.8 7.5 
5..| Lime:.....2 36a eee ee ne 45.0 4.3 
6 | Legume, lime, phosphorus................ 46.9 10.5 
7 Lime, phosphorus: 267 2s ee ee 46.3 4.7 
8 | Legume, lime, phosphorus, potassium...... 50.6 8.0 
9 Lime, phosphorus, potassium ............. 54.1 6.5 


10 | Lime, phosphorus, potassium 


On 
~] 
00 
~I 
— 


* Only part of the lime was applied before growing the 1902 crop, and the legume 
treatment applies only to the 1903 crop yields. 
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Of course no conclusions regarding soil treatment can be drawn from 
the 1903 wheat yields on these plots, unless possibly that there is an 
indication of some slight benefit from the “legume” treatment, especially 
in connection with phosphorus. 


GENERAL Discussion OF RESULTS. 


The tables in the foregoing pages give all of the results which we have 
obtained in 1902 and 1903, with different kinds of soil treatment for 
wheat grown in rotations upon the regular University soil experiment 
fields, located in different sections of southern Lllinois. They show some 
discrepancies which are not explained by the differences in soil treatment, 
but which may be due to variations in the original condition of the 
different plots, or in some cases, possibly to differences in the amount of 
injury caused by the Hessian fly, chinch bug or other insects, which can- 
not usually be ascertained with accuracy. With the exception of the 
very poor 1903 wheat crop on the Mascoutah field, the results in general 
are a trustworthy index of the effect of the soil treatment. 

The Cutler field is on very uniform soil and the results obtained on that 
field may well serve as the basis for a general discussion of the effects of 
soil treatment. While the results in 1902 were much more marked on 
the Mascoutah field, they were more discordant and relatively less re- 
liable than those at Cutler. The Cutler field includes practically the same 
kinds of experiments which have been conducted at Vienna, at Odin, and 
at Mascoutah; and, in addition, the manure treatment was applied at 
Cutler for the 1903 wheat crop. 

During the two years about three tons of slacked lime, 600 pounds of 
bone meal (containing about 13 percent of phosphorus, or seventy-eight 
pounds of that element), and 300 pounds of potassium sulfate* (con- 
taining about 40 percent of potassvum, or 120 pounds of that element) 
have been applied per acre on the proper plots at Cutler. On certain 
plots sixteen tons of farm manure were applied per acre in the fall of 
1902. (This was a heavier application than it was intended to have ap- 
plied, twelve tons being sufficient for six years, or six tons for three years, 
on the basis that two tons of manure per acre per annum is as much 
manure as a stock farmer can produce from the crops grown on his own 
farm.) Cow peas were grown in 1902, and on certain plots the entire 
crop was plowed under in the fall. 

It is not expected that it will be necessary to apply any more lime for 
at least five years, and after that time probably 1,000 pounds of lime per 
acre once in five to ten years will be sufficient to keep the soil free from 
acidity and in suitable condition for growing legumes. After we have 
grown a legume catch crop for one rotation we do not expect to plow under 
the regular lezume crop on any of the plots, but to depend upon the 


*The chlorid was used one year in place of the sulfate. 
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legume catch crop, and the stubble and roots of the legume used in the 
regular rotation, to maintain the supply of nitrogen. 

The question naturally and necessarily arises whether any of these 
different kinds of soil treatment will prove to be profitable; and, if so, 
which treatment is likely to be the most profitable. While the experi- 
ments have been in progress only two years and of course no final con- 
clusions can be drawn, yet some computations can easily be made which 
may be of value even though they are somewhat tentative. 

The yield of wheat on the untreated plot was six bushels per acre. At 
60 cents a bushel this amounts to $3.60. Assuming the farm to be worth 
$40 an acre, the investment at 5 percent would require $2.00 to pay the 
interest. This would leave a balance of $1.60 an acre to pay for 
raising the wheat. But even this amount, $1.60, is too high, unless the 
soil which grows the crop contains an unfailing supply of plant food, 
which is certainly not the case with the principal type of soil in the lower 
Illinoisan glaciation. By reference to Table 1, page 4, of our Circular 
No. 68, ‘Methods of Maintaining the Productive Capacity of Illinois 
Soils” (which will be sent upon request to any Illinois farmer or land 
owner), it will be seen that a six-bushel crop of wheat would remove from 
the soil about ten pounds of nitrogen, one and two-thirds pounds of phos- 
phorus and seven pounds of potassium. hat these elements of plant 
food actually possesses an agricultural value in this soil 1s well demon- 
strated by the crop vields from this field as shown in Tables 3 and 4. 
For example, we have applied during the two years 600 pounds of bone 
meal per acre to certain plots on this field. ‘The bone meal contains 13 
percent of the element phosphorus, or thirteen pounds per hundred, 
making a total of seventy-eight pounds of phosphorus applied. ‘The first 
year phosphorus increased the yield of wheat from 12.8 bushels to 16.5 
bushels, making an increase of 3.7 bushels of wheat. The second year 
the phosphorus increased the yield from 13.4 to 20.6 bushels, or 7.2 
bushels increase, making a total increase of 10.9 bushels for the two 
years. At 60 cents a bushel, this increase of 10.9 bushels would have a 
value of $6.54. Dividing this amount by seventy-eight we find that the 
phosphorus has already paid back in wheat more than eight cents a 
pound for every pound applied. When we bear in mind that the in- 
crease of 10.9 bushels has removed from the soil only three pounds of 
phosphorus and that we have seventy-five pounds of the phosphorus 
applied still left in the soil to benefit sueceeding crops, we ean then 
appreciate the fact that phosphorus has an agricultural value in this soil. 

Now, what is the value of these different elements of plant food, 
nitrogen, phosphorus, and potassium? They may be valued in two 
different ways. 

First. They have a commercial value. The commercial value is 
what it costs 0 get them. 
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Second. They have an agricultural value. The agricultural value is 
measured by the increased crop vields which they give when applied to 
the soil. 

These two different values are almost independent of each other. The 
commercial value varies with the cost of preparation, grinding, trans- 
portation, etc., while the agricultural value varies with the character 
and composition of the soil to which the plant food is applied, also with 
the kind of crop to be grown. 

To illustrate, dried blood, which contains 14 percent of nitrogen, costs 
about $42 a ton, wholesale in Chicago. Thus, 280 pounds of the element 
nitrogen bought in this form would cost $42, or 15 cents a pound; and 
this is the commercial value of nitrogen in dried blood. The nitrogen in 
dried blood is practically all available for the use of plants. 

We have applied dried blood on several soil experiment fields located 
on various types of soil in different sections of Illinois. While our data 
are not yet sufhcient to warrant final conclusions, | may say that thus 
far the results from these field experiments have given the nitrogen in 
dried blood an agricultural value varying from zero to about 2 cents a 
pound, measured by the increase in crop yields produced. 

By reference to Table 6, page 24, of Circular 68, it will be seen that the 
results of ten years’ investigations by the Ohio Experiment Station show 
the agricultural value of nitrogen applied to be from 1.2 cents to 9.1 
cents a pound, while the cost or commercial value was at least 15 cents 
a pound. 

All of these results refer to the use of commercial nitrogen in general 
farming. Of course, in market gardening or in other intensive farming 
upon land of very high value, and where crops of high value are produced 
on an acre of land, and especially in the forcing of early vegetables in 
order to obtain the highest price in the early part of the season, the 
agricultural value of nitrogen may sometimes amount to many times its 
cost. Such lands are usually far too valuable to give them up to the 
growing of legumes even for a part of the season. 

The New Jersey Experiment Station has recently shown that the 
application of 300 pounds of nitrate of soda per acre, costing $6.75, 
increased the value of the celery crop from $118.30 to $381.90 per acre. 
This was due in part to increased yield, but much more largely to im- 
provement in the quality of the crop produced. It is also very probable 
that nitrogen could be used with profit on permanent meadow lands near 
the large markets in the eastern and southern states where the hay can 
be sold directly for a maximum price, with little or no expense for trans- 
portation. 

On the other hand, the general farmer not only cannot afford to pur- 
chase commercial nitrogen, but there is absolutely no necessity whatever 
for him todo so. The air is about four-fifths nitrogen, and as the atmos- 
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pheric pressure amounts to about fifteen pounds to the square inch, there 
are actually nearly twelve pounds of nitrogen resting upon every square 
inch of the earth’s surface, and although ordinary agricultural plants 
have no power to feed upon this free nitrogen of the air (being depend- 
ent upon the combined nitrogen in the soil for their supply), we now 
know that by means of the different species of nitrogen-gathering bacteria 
which inhabit or should inhabit the roots of different legumes, nitrogen 
can be obtained from this free and inexhaustible supply of the atmos- 
phere for about 1 cent a pound. Thus, for example, we can sow red 
clover in the wheat, oats; or rye for less than $1 an acre and grow a crop 
of clover containing more than 100 pounds of nitrogen an acre. We can 
also accomplish this result with a catch crop of cow peas, soy beans, or 
vetch, and probably with crimson clover or alfalfa after our soils become 
thoroughly infected with the proper bacteria. Exact investigations have 
shown that alfalfa properly? infected with the alfalfa bacteria obtains 
practically all of its nitrogen from the air, even when grown on the black 
prairie soils of central Illinois. 

The alfalfa grown in pots 37, 47, and 48, Plate 6, obtained about 90 
percent of its total-nitrogen content from the air. (All of these pots were 
filled with ordinary Illinois black prairie soil, which had been thoroughly 
mixed before the pots were filled. The only difference among the six 
pots is that alfalfa bacteria were added to the three pots marked “Bae,” 
thus enabling the alfalfa in those pots to obtain nitrogen from the air. 
Our Bulletin No. 76, ‘‘Alfalfa on Illinois Soil,” will be sent upon request 
to any Illinois farmer or land owner who may be interested in alfalfa.) 
We have also found that the poorer the soil the greater is the proportion 
of nitrogen taken from the air, as compared with that taken from the soil. 

In this connection it may be well to call attention to the fact that it is 
not necessary to apply any nitrogen to the soil in order to enable legumes 
to start growing. We have obtained a good stand and luxuriant growth 
of legumes in a soil which was absolutely free of nitrogen, simply by pro- 
viding suitable conditions, including a sufficient supply of the mineral 
elements of plant food (as phosphorus and potassium), lime, if needed, 
and thorough inocculation with the proper species of nitrogen-gathering 
bacteria: 

What then is the commercial value of nitrogen? Manifestly, what it 
costs to get it. In general farming it is probably safe to say 1 cent a 
pound—for nitrogen already delivered and spread over the ground. 

The commercial value of phosphorus varies with the form in which it 
is purchased. Ground rock phosphate, containing at least 12 to 13 per- 
cent of the element phosphorus, can be bought in-carload lots for $7 to 
_ $8 a ton delivered at almost any point in Illinois. ‘This amounts to say 
$7.50 for 250 pounds of phosphorus, or 3 cents a pound for the element. 
Fine ground steamed bone meal containing 12 to 135 percent of phosphorus 
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can be bought delivered at any railway station in the state for $25 to — 
$30 a ton. In this form the phosphorus costs about 12 cents a pound. 
Aside from ground rock phosphate, the steamed bone meal is the cheapest 
form of phosphorus on the market. The bone meal is known to be a very 
satisfactory form of phosphorus to use and the results of our experiments 
with it prove that it acts readily as a source of phosphorus for wheat. It 
has not been treated with acid and is suitable for use on any soil in the 
State which needs phosphorus. As stated in Circular No. 68, pages 16 
and 17, some experiments have been conducted (and are still in progress), 
which strongly indicate that, for equal amounts of money invested in 
ground rock phosphate and bone meal, the ground rock phosphate will 
give about as good immediate results when applied in connection with a 
liberal use of legumes or farm manure, and will be more lasting in its 
effect, than the bone meal. On the other hand, it would have practically 
no agricultural value if applied to a soil exceedingly deficient in organic 
matter unless accompanied by an application of farm manure or a liberal 
use of legumes. 

The commercial value of the element potassium is about 6 cents a 
pound. The cheapest form of potassium is potassium chlorid, which 
contains about 42 percent of this element and costs about $50 a ton. 
(See Circular No. 68 for more complete explanations regarding the 
elements of plant food, how and where they can be obtained, methods of 
application, etc.) 

Returning to the discussion of the yield of wheat from the untreated plot 
on the Cutler Soil Experiment Field, it will be seen by reference to Table 
1, page 4, of Circular No. 68, that six bushels of wheat and accompanying 
straw would remove from the soil about ten pounds of nitrogen, one and 
two-thirds pounds of phosphorus and seven pounds of potassium. Allow- 
ing 1 cent for nitrogen, 3 cents for phosphorus and 6 cents for potassium as 
the commerical value of these elements, the six-bushel crop of wheat 
would remove 10 cents worth of nitrogen, 5 cents worth of phosphorus 
and 42 cents worth of potassium from the soil, making a total of 57 cents 
from an acre. If we consider the commercial value of phosphorus as 12 
cents a pound, as it is in bone meal, then we have removed 20 cents worth 
of phosphorus or 72 cents worth of the three elements. We shall cer- 
tainly be within safe limits to place phosphorus at 12 cents a pound, as it 
can be obtained in bone meal for that price. (Bone meal is a form of 
phosphorus which has been used for many years and it is known to be 
reliable and to give good results, consequently we are safe in basing our 
computation upon the price of phosphorus in bone meal, although it is 
believed that when used under proper conditions phosphorus in the form 
of ground rock phosphate will prove to be more economical.) 

Plot No. 1: Wo treatment. If we allow $3.60 for the six bushels 
of wheat and then deduct $2 for interest on the investment and 72 cents 
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for plant food removed from the soil, we have left 88 cents to pay for 
raising an acre of wheat. 

Plot No 2: Legume treatment. This plot yielded 9.2 bushels 
per acre, which at 60 cents would amount to $5.52. The cost of seed 
and seeding for a catch crop of legumes is about $1 an acre, varying of 
course with the kind of seed and method of seeding. The commercial 
value or cost of replacing the plant food removed by a wheat crop yield- 
ing 9.2 bushels amounts to $1.10. Adding to this the cost of legume 
treatment and $2 for interest on the investment makes $4.10, leaving 
1.42 cents to pay for raising an acre of wheat. (It may be stated that 
we have really allowed double pay for providing nitrogen, first by paying 
$1 for the legume treatment, second by charging 1 cent a pound for the 
fifteen pounds of nitrogen removed in the crop.) 

Plot No. 3: Manure treatment. This plot yielded 12.1 bushels per 
acre, which at 60: cents a bushel would amount to $7.26. The value of 
the plant food removed by a wheat crop yielding 12.1 bushels amounts to 
~ $1.45, counting 1 cent for nitrogen, 12 cents for phosphorus, and 6 cents 
for potassium, per pound. 

It is exceedingly difficult to estimate the cost of the manure treat- 
ment. If the farmer has the manure on hand he may consider that the 
only cost is the hauling and spreading. Even if he hires the work done 
this should not amount to more than 30 cents a ton or $4.80 for the six- 
teen tons which were applied. With $2 for interest, $1.45 for plant food 
removed, and $4.80 for the manure treatment, we have a total of $8.25 
expense, or 99 cents more than the total value of the crop, which was 
$7.26. In other words, if we consider the first year only, we have lost 
99 cents an acre besides the entire expense of raising an acre of wheat. 
This would make a poor showing indeed for the manure treatment; but 
we have here another factor to consider, namely, that the value of the 
manure is not exhausted with the first crop. In fact, it is usually of 
‘greater benefit to the second crop than to the first and continues to 
benefit succeeding crops for several years. (Attention is called to the 
fact that this is also true with legume crops to some extent, and in some 
cases even when the entire crop is removed, only the stubble and roots 
being left with the soil.) 

By reference to Table 2, page 12, of our Circular No. 68, it will be seen 
that a ton of average farm manure contains ten pounds of nitrogen, two 
pounds of phosphorus, and ten pounds of potassium; or sixteen tons of 
manure would contain 160 pounds of nitrogen, 32 pounds of phos- 
phorus, and 160 pounds of potassium. The fact that the effect of apply- 
ing manure lasts for many years is evidence that the elements of plant 
food which it contains are not in a readily available form. The phos- 
phorus in manure should be as valuable as that in ground rock phos- 
phate, and probably the potassium in manure should be valued on about 
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the same basis; that is, one-fourth as much as in a readily available form 
like potassium chlorid. With nitrogen at 1 cent, phosphorus at 3 cents, 
and potassium at 14 cents, manure would be worth 31 cents a ton, or 
$4.96 for the sixteen tons. There may be some question whether 14 
cents a pound for the potassium in manure is a fair estimate. We be- 
lieve that it is. By referring to Table 4, it will be seen that although the 
manure applied to plot 7 contained 160 pounds of potassium, most of it 
was not available for use of the crop, because where we added com- 
mercial potassium (plot 9) in connection with the manure the yield was 
increased from 20.8 to 24 bushels per acre. 

Manure treatment should be considered as adding to the value of the 
land. If the untreated land is worth $40 an acre, it is worth $44.80 after 
sixteen tons of farm manure have been applied to it. The added plant 
food becomes a part of the permanent investment, I say permanent 
because it is about as permanent as the value of the land itself. In some 
places in the eastern states, land which was once worth $100 an acre or 
more 1s now worth $35. Why? Chiefly because valuable plant food 
has been sold off. A twenty-bushel wheat crop removes 82 cents worth 
of plant food, counting nitrogen at 1 cent, phosphorus at 3 cents, and 
potassium at 14 cents a pound. In seventy-five years this would amount 
to over $60 worth of plant food. This amount would practically cover 
the decrease in the value. of the land. The farmers of southern Illinois 
are in a better position to appreciate these facts than those who are sell- 
ing 60 bushels of corn a year off from the comparatively new and 
naturally rich black land in the north central part of the state. 

Returning to the specific discussion of plot No. 3 (manure treatment), 
if we allow intcrest on $44.80, we only add 24 cents to the annual expense, 
aside from paying for the larger amount of plant food removed. On this 
basis plot No. 3 should be credited with 12.1 bushels at 60 cents, amount- 
ing to $7.26, and charged with $2.24 for interest and $1.45 for plant food 
removed. Deducting $3.69 from the total receipts leaves $3.57 to pay 
for raising an acre of wheat. 

Plot No. 4: Legume, lime. This plot yielded 13.5 bushels of wheat 
worth $8.10. ‘The cost of an application of slacked lime or ground lime- 
stone (one to two tons per acre), will amount to from $3 to $6 an acre, 
but to be safe, even for strongly acid soils, let us say $10 an acre. This 
is a direct investment and it must be added to the value of the land, — 
making it $50 an acre. In addition to this it may be necessary to apply 
half a ton of ground limestone every five or six years to keep the soil free 
from acidity or we may say that 25 cents worth of lime per acre is de- 
stroyed each year by cropping. In this connection it may be said that 
ground rock phosphate contains large amounts of lime and other basi¢ 
materials (usually some lime carbonate) and it is not improbable that 
moderate annual applications of ground rock phosphate will be quite 
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sufficient to keep the soil free from acidity, after it has once been cor- 
rected by the initial application of lime. 

With $2.50 for interest, $1 for legume treatment, and $1.87 for plant 
food removed by the crop (including the lime destroyed), we have a total 
of $5.37 to be deducted from $8.10 leaving a balance of $2.73 to pay for 
raising an acre of wheat. 

Plot No. 5: Manure, lime. (The chief benefit of the lime on this 
plot will doubtless be for the growth of the legume in the regular rota- 
tion.) This plot yielded 13.3 bushels of wheat, worth $7.98. After 
deducting $2.74 for interest and $1.85 for plant food removed, we have 
left $3.39 to pay for raising an acre of wheat. 

Plot No. 6: Legume, lime, phosphorus. ‘This plot yielded 20.3 
bushels of wheat in 1903, but we must also credit this plot with the 
increase of 3.7 bushels which this treatment (or the phosphorus alone) 
produced in 1902. This makes a total credit of twenty-four bushels, 
worth $14.40. The seventy-eight pounds of phosphorus applied would 
cost $9.36 at 12 cents a pound. This must be added to the value of the 
land, making the total value $59.36. With $2.97 for interest, $1 for 
legume treatment, and $3.13 for plant food removed, we have $7.10 to be 
deducted from $14.40, leaving a balance of $7.80 to pay for raising an 
acre of wheat. 

Plot No. 7: Manure, lime, phosphorus. This plot yielded 20.8 
bushels of wheat. Adding the increase of 3.7 bushels produced by the 
phosphorus applied for the 1902 crop, we have 24.5 bushels worth $14.70. 
Deducting $3.21 for interest and $3.19 for plant food removed, we have 
left $8.30 to pay for raising an acre of wheat. 

Plot No. 8: Legume, lime, phosphorus, potassium. ‘This plot 
yielded 26.8 bushels in 1903. Adding the increase of 7.5 bushels pro- 
duced by the phosphorus and potassium in 1902, we have 34.3 bushels 
of wheat, worth $20.58. The 120 pounds of potassium applied to this 
plot at 6 cents a pound make $7.20, which must be added to the value 
of the land, making the total value $66.56 an acre. With $3.33 for in- 
terest, $1 for lezume treatment, and $4.37 for plant food removed, we 
have a total of $8.70 to be deducted from $20.58, leaving a balance of 
$11.88 to pay for raising an acre of wheat. 

Plot No. 9: Manure, lime, phosphorus, potassium. This plot 
yielded twenty-four bushels. Adding the increase of 7.5 bushels from 
the 1902 crop makes 31.5 bushels worth $18.90. The cost of this land 
is now $40 for the untreated land, $4.80 for manure, $10 for lime, $9.36 
for phosphorus, and $7.20 for potassium, making the total cost $71.36 an 
acre. With $3.57 for interest and $4.03 for plant food removed (in- 
cluding 25 cents for lime destroyed) amounting to $7.60 we have left 
from the $18.90 receipts a balance of $11.30 to pay for raising an acre of 
wheat. 
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Plot No. 10: Lime, phosphorus, potassium. This plot yielded 
21.1 bushels, which with the 7.5 bushels increase from the previous year, 
makes 28.6 bushels, worth $17.16. Deducting $3.33 for interest and 
$3.68 for plant food removed, leaves.a balance of $10.15 to pay for raising 
an acre of wheat. | 

Table 7 shows these data from the different plots in concise form for 
easy comparison. 

Of course these computations might be somewhat modified for different 
conditions, depending upon distance of the farm from the railroad station, 
the price of wheat, the amount of lime required to correct the acidity of 
the soil, the amount of potassium found most profitable, etc., ete. It is 
believed that the estimates which have been made are on the safe side 
for the farmer. The expense of applying the manure, the lime, and the 
legume treatment has been included in the tabular statement, either in the 
investment (when the application lasts for many years) or in the annual 
expense (as with the legume treatment). The cost of the phosphorus 
and potassium is based upon well-recognized, trustworthy standard forms 
of those elements, allowing the full market price for them. No allow- 
ance has been made for the expense of applying those two elements, be- 
cause there is practically no expense necessary. [ven if both phosphorus 
and potassium are used, they can be applied at once by means of a fer- 
tilizer drill provided with fertilizer, grain, and grass-seed attachments, 
such as the Superior fertilizer disk drill. ° We have used this drill in this 
way and know that it can easily be done. ‘Thus we can run bone meal 
through the force-feed grain box and run potassium chlorid through the 
regular fertilizer box, and at the same time we mix the fertilizers as they 
fall, probably more perfectly than any fertilizer manufacturer does or can 
do. Furthermore, we can make any brand of fertilizer we choose by 
simply varying the feed of the two boxes. Thus we can sow 200 pounds 
of bone meal and 100 pounds of potassium chlorid; or we can sow 300 
pounds of bone meal and 50 pounds of potassium chlorid, or almost any 
other proportions we may desire. 

If only one fertilizer is used, as bone meal, it can be run through the 
fertilizer box at the same time the seed is run through the grain box. 
By some people it is considered the best practice to drill the fertilizer one 
direction and then drill the grain crosswise. In this case both boxes 
could be used for fertilizers the first time over the ground. By using a 
disk drill the ground can be disked at the same time. There is no objec- 
tion to sowing bone meal (raw, common, or steamed) or ground rock 
phosphate, or ground limestone through the fertilizer box at the same 
time as the seed is sowed, letting the fertilizer and grain fall together in 
the same drill row, but this should not be allowed with potassium salts or 
with acidulated bone meal, or any other acid phosphates because of the 
injurious effect of such fertilizers upon the germination of the seed. An 
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end-gate seeder can also be used for applying bone meal, ground rock 
phosphate, potassium salts, or light applications (500 to 1,000 pounds) 
of ground limestone. If potassium is-used it can be applied broadcast 
very rapidly with an end-gate seeder, and then the phosphorus can (in 
bone meal or ground rock phosphate) be applied through the fertilizer 
box at the same time the seed is put in, with no danger of injuring the 
seed and with practically no extra expense. Any of these materials can 
also be applied by hand very rapidly, and, if care is taken, very uniformly. 
A man can stand in a wagon (with a boy to drive) and he can spread any 
of these materials over twenty acres in a day. Last spring one man in 
Whiteside County spread potassium sulfate at the rate of 100 pounds 
to the acre over twenty-two acres of swamp land in less than one day’s 
time, and the results obtained in the crop show that it was applied very 
satisfactorily. 

For general farming in Illinois, there is absolutely no need of a ready 
mixed fertilizer. It costs the manufacturer from $4 to $8 a ton for 
mixing bone meal with potassium chlorid (or at least the mixed goods 
cost the consumer that much more than the raw materials). The manu- 
facturer is frequently obliged to grind up rock or stones or some other 
worthless waste material and mix it with the plant food material which 
he puts in, in order to be able to put the price per ton down so that 
foolish farmers will buy it. Of course, if the farmer says he will buy 
“fertilizer,” but he ‘‘won’t pay more than $20 a ton for it,” the dealer is 
bound to get him goods that he can sell for $20, or even for $15 a ton if 
necessary. Sometimes land plaster or gypsum (calcium sulfate) is used 
as the “‘filler,” or “make weight.’”’ This material acts as a stimulant to 
the soil, causing it to give up some plant food and sometimes for a year 
or two to yield somewhat better crops, but it contains none of the valua- 
ble elements of plant food, and its action is simply more completely to 
exhaust the soil of its remaining stock of native fertility, finally to leave 
the land in even worse condition than before it was used. Acid phosphate 
such as acidulated bone meal, acidulated rock phosphate, and so-called 
superphosphates, all contain about 50 percent or more of gypsum, pro- 


duced in the regular process of manufacture, besides the gypsum which — 


is sometimes added as ‘‘make weight.”’ 

No general farmer in Illinois needs to purchase more than two ele- 
ments of fertility. These are phosphorus and potassium. Bone meal 
will furnish the phosphorus and potassium chlorid the potassium, in 
the cheapest forms which are known to be available and without in- 


jurious effects on Llinois soils. Yet there are sold every year to general — 


farmers in the United States more than a thousand different brands of 
fertilizers. Most of them contain more or less nitrogen (which costs 
the purchaser at least 15 cents a pound, but which he could get from 
the air for about 1 cent a pound); otherwise they have no value except 
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for the phosphorus and potassium which they may contain. Some fer- 
tilizer manufacturers evidently prefer to have the farmer know nothing 
about soil fertility and fertilizers, excepting that their “Big Ox Brand,” 
or their ‘“‘Money Maker” or ‘“‘Corn Grower” is the only and all sufficient 
fertilizer for all soils if not even for all crops. Some soils are deficient in 
nitrogen and consequently need to grow legume crops; some soils need 
phosphorus; and some soils have an abundance of both nitrogen and phos- 
phorus (more than the most productive black prairie soils in the state), 
and yet are exceedingly deficient in potassium (see Table 4, page 20 of 
Circular No. 68). On the other hand, some crops require many times as 
much of one element as some other crops. (See Table 1, page 4, of 
Circular No. 68.) 

It is a pleasure to state that, as a rule, the fertilizer manufacturers 
and dealers in Illinois are working in harmony with the University of 
Illinois to encourage the farmers in this state to try to understand what 
their soils need to increase the yields of the crops they grow, and I think 
farmers who desire to try phosphorus on their land will have no diffi- 
culty in obtaining pure bone meal from such trustworthy firms as Nelson 
Morris & Company, Union Stock Yards, Chicago, Armour Fertilizer 
Works, Swift & Company, or from several other companies located at 
the Union Stock Yards. Several of these companies, including the 
Armour Fertilizer Works, also sell pure potassium salts, such as potassium 
chlorid (sometimes incorrectly called ‘“‘muriate”’ of potash) and potassium 
sulfate. 

As a rule, not more than one of these two elements, phosphorus and 
potassium, is needed on the soils of the state, although it may be that 
both elements can be purchased with profit for use on some southern 
Illinois soils. . 

The element phosphorus can be purchased for about 12 cents a pound 
in bone meal, or for about 3 cents a pound in ground rock phosphate. 
Good steamed bone meal and good ground rock phosphate each contain 
about twelve to thirteen pounds of phosphorus in 100 pounds of the 
material. The element potassium can be purchased for about 6 cents a 
pound in potassium chlorid. One ton of commercial potassium chlorid 
(containing about 80 percent of pure potassium chlorid and 20 percent of 
‘sodium chlorid, or common salt) contains about 840 pounds of the ele- 
ment potassium, which, at 6 cents a pound, makes it worth $50.40. It 
can be bought from Chicago dealers for about $50 a ton. Of course 
freight charges from Chicago must be added to the Chicago price. 

The fertilizer law of Illinois requires that every bag of fertilizer which 
is sold in this state must bear a printed label stating the percentage of 
the different elements of fertility which it contains, and any farmer can 
tell from the printed guarantee just what a bag of bone meal contains. 
Thus, if the label guarantees the goods to contain 124 percent of phos- 
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phorus, this means twelve and a half pounds of the element phosphorus 
in 100 pounds of the bone meal, or 250 pounds of phosphorus in one ton - 
of the bone meal. If the phosphorus is worth 12 cents a pound, such 
bone meal as this would be worth $30 a ton. Good steamed bone meal 
contains from 12 to 13 percent of phosphorus and is usually sold at retail 
for about $28 a ton at almost any place in Illinois. 

In this connection, it may be said that the statements printed upon 
bags of fertilizers are commonly quite complicated. For example, the fol- 
lowing statement may be given as the guaranteed analysis of a fertilizer: 


Name, ‘‘ Soluble Ammoniated Bone and SEE is 


ANALYSIS. 
Availablenitrogen’.. 3 #05542 ee ee ee 1,25 to (2758 
Available‘ammonia 67 y4.30.iéoey «alee oe Bee Se ee 1.50 to 2.75 
‘Available phosphoriis:. >. .5..05-. eee eee ee 4.00 to 5.50 
Available phosphoric acid . koe ste Sesee ve ne 9.00 to 12.00 
Equal to. bone phosphate...3 23 j.0... Binder veces coe 20.00 to 26.00 
Total. phosphorus... jo... 002 6 oe ee 6.75 to 8.50 
Potal phosphorié acid ays. F bn ee ene oe 15.75 to 18.50 
Equal to:bone phosphate. a.72 5 occ same. a) cane eee ee 34.25 to 42.50 
Soluble potassium «4.6. 2. eddies eae ee ee 1.50 to 3.25 
Soluble potash? 20S Oe, SR ee 1.75 to 3.50 
E.gual.to potassium:sulfate” 2% J. 2 Miser deka ae ee 3.25 to 6.50 


Now, what does this all mean? To understand this analysis, the 
farmer should first cut out everything except the minimum guarantee 
of the elements, nitrogen, phosphorus and potassium, as indicated by — 
the bold-face type. To say that a fertilizer contains from 4.00 to 5.50 
percent of phosphorus does not necessarily mean that it contains more 
than 4.00 percent, and 4.00 percent is really all that is guaranteed. 
Furthermore, it should be borne in mind that the law allows (and very 
properly so) a deficiency of 1 percent below the guarantee before it is 
considered positive evidence of fraud, consequently, the fertilizer may 
contain only 3 percent of phosphorus, under a guarantee of 4.00 to 5.50 
percent, and still be within the limits of the law. It should be stated, 
however, that goods from trustworthy manufacturers are usually up 
to their minimum guarantee. Nevertheless it will be seen that a fer- 
tilizer might be sold with this long statement of the analysis as given 
above and complying strictly with the law, it might nevertheless contain 
only the following percentages (or pounds per hundred): 


Available nitrogen s! . 2% .5. oe a0. SPI) Lo | Oa a .25 
Available:phosphorus: 2% :....1. .. « 2eefngisqeoe abt aba b oe om oce abu elope a 3.00 
-Lotal phosphorus ©)... <i spn se cas Apts os snl vn sae 5.48 
Soluble potassium, 2. !0 5.02.00) Je Ls ee 50 


Now, it should be understood that the farmer does not need to pur- 
chase nitrogen, and consequently that item should not be considered as 
adding to the value of the fertilizer. Even if he did wish to buy nitrogen 
this amount, .25 percent, is less than is contained in a normal fertile soil. 
In other words, the ordinary black prairie soils of Illinois are worth as 
much a ton for a fertilizer as the nitrogen value of a ton of any com- — 
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mercial fertilizer which contains only .25 percent of nitrogen and which 
may be lawfully guaranteed to contain 1.25 percent (some peaty soils 
found abundantly in Illinois contain about 3.50 percent of the element 
nitrogen). Many soils in the state also contain more than .50 percent of 
potassium, and a fertilizer should not be considered much more valuable 
because it contains ten pounds of potassium in a ton (either potassium 
chlorid or potassium sulfate contains 800 pounds of potassium in .a ton 
(see Circular No. 68, pages 4 and 11). 

In this connection attention is called to the fact that fertilizers are 
frequently labeled “Dissolved Bone,’ ‘‘All Soluble Bone,” ete., which 
are not made from bone meal at all, but from acidulated rock phosphate. 
As rock phosphate contains a small amount of potassium, perhaps .5 
percent, and as the sulfuric acid used in manufacturing acid phosphates 
usually contains a small amount of nitrogen, a plain acid phosphate 
could be made which would conform to the above long statement of 
analysis within the letter of the law, but the farmer should immediately 
reduce such a statement to 


ENN MNGi eee ee ee cs ee Paap ese edn be 4.00 percent. 
ET HOTU meat ay Chee, eS here ee. ad need Tubes» 6.75 percent. 
and the absolute guarantee is practically only 

CRINIG = OTOLUS 1 oa oes le tn ee ee ee pa bene ee ee ne 3.00 percent. 
EET) atid Pet d ey tien 34 Sh wis alah oy sk auenla shes al abaoe 5.75 percent. 


This means that one ton of this fertilizer contains sixty pounds of 
available phosphorus worth 12 cents a pound, or $7.20, and fifty-five 
pounds of insoluble phosphorus worth not to exceed 3 cents a pound, or 
$1.65. Thus this fertilizer would be worth $8.85 a ton. Of course it 
ought not to be used on Illinois soils, because of the fact that it is an 
acid phosphate and, so far as we have yet learned from our soil investi- 
gations, the soils which need phosphorus are already too acid, and con- 
sequently we advise farmers against the use of acid phosphates. We 
also strongly recommend that they do not buy mixed fertilizers. 

If phosphorus is needed (as it is on many soils in the state) buy fine 
ground bone meal (either raw bone, pure bone, or steamed bone, the last 
preferred) and apply it in moderate quantities, say 200 pounds an acre 
a year, or buy ground rock phosphate and apply at least 500 pounds an 
acre a year in connection with legumes or manure or both. 

If potassium is needed, buy potassium chlorid or potassium sulfate 
and apply 50 to 100 pounds an acre a year. ‘The first application 
on lands which are very deficient in potassium (as some of the swamp 
lands) should be about 200 pounds for the most profitable returns. By 
reference to page 4 of Circular No. 68, it will be seen that the grain and 
stover for 100 bushels of corn require seventy-one pounds of potassium. 
It would take about 175 pounds of potassium chlorid or potassium 
sulfate to furnish seventy-one pounds of the element potassium. Of 
course the roots of corn also require potassium. 
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If any one prefers to pay $16 to $17 a ton for kainit, containing 10 per- 
cent of potassium, than to pay $50 to $55 a ton for potassium chlorid, — 
containing 42 percent of the element potassium, of course he has the 
privilege of paying about 8 cents a pound for potassium and of handling 
four tons of material instead of one. Incidentally he pays the freight on 
three tons extra of common salt and other worthless material contained 
in the kainit, which is shipped all the way from the potash mines of 
Germany. 

We especially recommend fine ground steamed bone meal for phos- 
phorus and potassium chlorid for potassium. 


SUMMARY OF BULLETIN No. 88. 


The results thus far obtained from the soil investigations reported 

in this bulletin certainly justify drawing some very definite conclusions. 
The amounts which are mentioned as the price received for raising an 
acre of wheat is for seed, labor, use of tools, cost of threshing and market- 
ing. The interest on the investment (including the original land value 
and the added stock of fertility of somewhat permanent character), the 
total cost of annual soil treatment, and full payment for all fertility 
removed in the total crops (including nitrogen, which is really also cov- | 
ered by the cost of legume treatment allowed in the expense of annual 
treatment) have all been provided for outside of these net amounts which 
remain to pay for raising an acre of wheat. Furthermore the value of 
the straw has not been considered, although the fertility which it con- 
tains has been provided for. The price of wheat has been counted at 
60 cents a bushel, which is surely conservative. It is believed that the 
results reported are thoroughly trustworthy. 
First. Legume treatment for this soil is profitable as compared with 
no treatment. Legume treatment alone increased the amount received 
for raising an acre of wheat from 88 cents to $1.42, and when the legume 
treatment was omitted from plot 8 (see plot 10), the amount received 
for raising an acre of wheat decreased from $11.88 to $10.15, making a 
reduction of $1.73 in the profits, even after allowing $1 for the expense 
of the legume treatment, and not taking into account the fact that the 
effect of the legume treatment will last more than one season. 

Second. Manure made on the farm can be applied to the soil with 
marked profit. (The untreated plot paid only 88 cents for raising an 
acre of wheat, while the manured plot paid $3.57.) 

Third. Moderate applications of ground limestone to acid soils give 
evidence of marked improvement in the growth of legumes, but more 
data are necessary to determine fully the extent of this improvement. 

Fourth. The application of phosphorus is very profitable soil treat- 
ment. (It should be applied only in connection with manure or legume 
treatment, unless the soil is already well supplied with nitrogen and — 
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organic matter.) Applied with legumes and lime, the phosphorus in- 
creased the amount received for raising an acre of wheat from $2.73 to 
$7.30. When applied with manure the increase was from $3.39 to $8.30. 

Fifth. Potassium has also been applied with profit especially when 
used in connection with legumes and phosphorus, the amount received 
for raising an acre of wheat having been increased from $7.30 (legume, 
lime, phosphorus) to $11.88 (legume, lime, phosphorus, potassium) by 
the addition of potassium, making an increased profit of $4.58. (Phos- 
phorus made $4.57.) It should be understood that the use of potassium 
without phosphorus would undoubtedly result in loss on nearly all Illinois 
soils (swamp soils excepted). 

In this connection attention is called to the effect of tile drainage in 
supplying potassium. As a matter of fact, practically all of the soils of 
the state (swamp and sand soils excepted) contain large supplies of 
potassium in the subsoils, say between twenty and forty inches below 
the surface. ‘Tile drains laid at a depth of forty inches permit the ex- 
cessive soil water to pass off quickly thus causing the soil to become 
more porous and allowing the air to enter to encourage nitrification and 
the liberation of plant food from the subsoil. The plant roots are en- 
couraged to grow deep into the soil and thus obtain potassium which 
they could not obtain if the subsoil was waterlogged more or less of the 
time during the season. | 

The results already obtained in support of such a theory are very 
meager and somewhat conflicting, and more data are needed and are 
being obtained as rapidly as possible. However, in view of the facts, 
first that applications of potassium have markedly increased crop yields 
on this type of soil, and second, that the subsoil is actually rich in potas- 
sium, it seems worth while to call attention, tentatively at least, to the 
data given in the preceding tables indicating that tile-drainage may per- 
haps be just as effective and more economical as a means of supplying 
potassium to the growing crops, altogether aside from the other marked 
benefits which tile-drainage produces. 

By referring to Table 2 it will be seen that results are reported from 
our tile-drained soil experiment field at Odin. ‘The tile-drainage in- 
creased the yield of oats in 1902 from 16.7 to 19.2 bushels, where legume 
treatment, lime, and phosphorus had been applied, and in 1903 the tiled 
plot with this treatment yielded 13.4 bushels of wheat, while the cor- 
responding untiled plot yielded only 5.8 bushels. It will also be noticed 
that the application of potassium increased the yield of wheat from 5.8 
to 14 bushels on untiled land, while on the tiled land the increase due to 
the application of potassium was only from 13.4 to 15.2 bushels. Potas- 
sium benefited the oats on the untiled land but it appears even to have 
reduced the yield on the tiled land. These results indicate quite 
strongly that tile-drainage at Odin may enable the crops to get about 
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Puate 7.—WHEAT Crop witH No TREATMENT: ORDINARY FIELD ON GRAY 
Sitt 1n St. Cuatrrk County: ADJOINING FIELD SHOWN IN PLATE 8. 


PuaTE 8.—WHEaAT Crop aFrTeR 40 Loaps WHEAT STRAW HAD BEEN LEACHED 
AND BURNED OFF: ADJOINING FIELD SHOWN IN PLATE 7. 
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as much potassium as they need. Of course more data are needed be- 
fore final conclusions can be safely drawn. 

In conclusion it should be stated that the season of 1903 was one of the 
worst for the wheat crop which has been known in southern Illinois for 
many years. It seems fair to expect more marked results and larger 
yields from our soil experiment fields in a normal season. 

Special attention is called to the very evident fact that the poor season 
is not altogether to blame for the poor crop of wheat. We can realize 
this better when we remember that in the same field of wheat at Cutler 
one plot produced 6 bushels an acre and another 26.8 bushels; at Odin one 
plot produced 0.5 of a bushel an acre and another plot 15.2 bushels. 
Furthermore, it was possible to find some good patches of wheat almost 
everywhere throughout the wheat growing area of southern Illinois. For 
example, plate 7 shows the wheat crop growing in an ordinary field on the 
farm of Philip Postel located on the gray silt soil in St. Clair County, 
while plate 8 shows the wheat crop growing on “‘strawed potato” land 
immediately adjoining this field. The two crops as indicated in the photo- 
graphs were growing within twelve feet of each other. The season was 
the same for each and the soil was originally exactly the same type and 
formerly of the same productive capacity. 

Why is this difference? In answer, let me call attention to the facts 
that this excellent plot had grown potatoes in 1901, that these potatoes 
had been covered with some forty loads of wheat straw to the acre; that 
this straw had lain on the ground for a year, and what had not rotted or 
leached out during that time had been burned and the ashes containing 
the lime, phosphorus and potassium, not already leached out, had thus 
been added to the soil in readily available form. 

By referring to Table 1, page 4, Circular No. 68, it will be seen that 
forty tons of wheat straw would thus supply to the soil eighty pounds of 
phosphorus and 680 pounds of potassium. That is two pounds more 
phosphorus and 560 pounds more potassium than we have applied to our 
_ soil experiment fields during two years’ time, besides the straw must have 
furnished a considerable amount of nitrogen (leached into the soil before 
it was burned). ‘This object lesson, picked up in passing the field, serves 
to confirm strongly the results obtained on the experiment fields and 
- emphasizes the tremendous importance of plant food in crop production. 

Note.—This bulletin is hurried to publication with the thought that it 
contains information of very great value to those southern Illinois 
farmers who will be sowing wheat within a few weeks. It is earnestly 
suggested that they begin at least in a small way to build up a piece of 
land and thus obtain some definite knowledge from their own farms. 
At least try 200 pounds of bone meal on half an acre either in connection 
with farm manure or where legumes have been grown, and observe the 
results for two or three years. 
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SUMMARY OF BULLETIN No. 90. 


OsJECT.—To determine the relative rapidity, extent, nature, and cost of 
gains with the six grades of feeding cattle, viz., fancy selected, choice, good, 
medium, common, and inferior. Page 157 

PLAN.—Sixteen steers of each grade were fed alike from November 29, 1902, 
to May 27, 1903, a period of 179 days. Four pigs followed each of the six lots 
of steers. The feeds used were cracked corn, corn and cob meal, cotton seed — 
neal, old aoa linseed oil meal, clover hay, alfalfa, timothy hay, and corn 
stover. Page 158 

RAPIDITY OF GAINS.—Average daily gain per steer in pounds: Fancy, 2.57; 
choice, 2.54; good, 2.34; medium, 2.13; common, 2.21; inferior, 1.96. Total 
gain in pork in pounds for each lot: Fancy, 419; choice, 500; good, 475; 
medium, 520; common, 420; inferior, 480. Page 168 

Economy or GaAins.—Average digestible dry matter in pounds required 
for producing a pound of gain in beef: Fancy, 9.95; choice, 12.09; good, 12.08; 
medium, 13.05; common, 12.00; inferior, 12.93. Number of pounds gain per 
‘bushel of corn consumed: Fancy, 9.74; choice, 7.97; good, 7.99; medium, 7.45; 


common, 8.13; inferior, 7.61. Page 170 
Cost OF GAINS PER POUND, AVERAGE .—Fancy, $0.067 ; choice, $0.082 ; good, 
$0.082; medium, $0.088; common, $0,081; inferior, $0.087. Page 170 


See or GAINS.—As a result of feeding the 16 fancy feeders (lot :1) 
until finished there was only one steer that would not grade as prime. This 
steer lacked slightly in quality, but principally in condition, and graded as 
choice. After slaughtering, the beef experts in Armour & Company’s city beef 
department graded all the carcasses as No. 1. Page 180 

Of the 16 choice feeders (lot 2) fourteen finished as prime, one as choice, 
and one as good. All the carcasses graded as No. 1 beef. 

Of the 16 good feeders (lot 3) three finished as prime, five as choice, and 
eight as good. All the carcasses graded as No. 1. 

_ Of the 16 mediwm feeders (lot 4) one finished as choice, four as good, eight 
as medium, and three as common. Four of the carcasses in this lot graded as 
No. 1 light and the remainder as No. 2 tops. 

Of the 16 common feeders (lot 5) five finished the test as good, six as 
medium, and five as common beeves. The grading of the beef was the same as that 
in lot 4, namely, four carcasses graded as No. 1 light, and twelve as No. 2 tops. 

Of the 16 inferior feeders (lot 6) four finished as good, six as medium, and 
six aS common. Six carcasses graded as No, 1 light, nine as No. 2 tops, and 
one as No. 3 beef. 

PERCENTAGES OF DRESSED BEEF.—Average percentage carcass to live weight: 
Fancy, 61.62; choice, 61.52; good, 60.74; medium, 59.70; common, 59.88; infe- 
rior, 59.36. Page 178 

Prorit AND Loss.—Market value as feeders November 29, 1902: Fancy, 
$4.75; choice, $4.55; good, $4.20; medium, $3.85; common, $3.60; inferior, $3.35 
per hundred weight. Page 185 

Market Value of Finished Cattle on Basis of Steady Market from November 
29, 1902, to May 28, 1903.—Fancy, $7.00; choice, $6.90; good, $6.50; medium, 
$5.80; common, $550; inferior, $5.40. . Page 190 

Profit per Steer on Basis of Steady or Stationary Market.—Fancy, $18.15; 
choice, $15.67; good, $11.56; medium, $4.41; common, $4.09; inferior, $5:48. 

Page 191 

Actual Selling Prices per cwt. when Marketed May 28, 1903, “Falling 
Market.”—Fancy, $5,40; choice, $5.40; good, $5.15; medium, $4.90; common, 
$4.80; inferior, $4.80. Page 190 

Loss per Steer on Basis of Actual or Falling Market.—Fancy, $3.80; choice, 
$7.44; good, $7.36; medium, $7.95; common, $5.26; inferior, $2.37 Page 191 

DECLINE IN MARKET FROM BEGINNING TO CLOSE OF EXPERIMENT.—Fancy, 
$1.60; choice, $1.50; good, $1.35; medium, $0.90; common, $0.70; inferior, $0.60 
per hundred weight. Page 194 


Conclusions Page 201 
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FATTENING STEERS OF THE VARIOUS 
MARKET GRADES. 


By HERBERT W. MUMFORD, Cuter 1n AnimaL Huspanpry. 
INTRODUCTION. 


In Bulletin No. 78 issued by this Station about a year ago, the 
writer illustrated and described the various market classes and grades 
of cattle as seen at our leading live stock markets. The two market 
classes receiving the greatest share of attention were beef cattle of 
the prime, choice, good, medium, and common rough grades: and feed- 
ers of the fancy selected, choice, good, medium, common, and inferior 
grades. Each grade of the fat cattle class was considered in all its 
relations to other grades of the same class, while each grade of feeders 
was described by comparing it with a standard grade of feeding cattle 
whose points of excellence were most uniform and characteristic. Thus 
it will be seen on the one hand that no attempt was made to indicate 
from what grades of feeders, prime, choice, good, or other grades of 
steers are developed or on the other how inferior, common, medium, 
good, choice, and fancy selected feeding cattle may be expected to feed 
out or finish in the feed lot. In a general way, men who make a business 
of buying and finishing feeders, handle largely one grade of cattle. 
They determine approximately their grade when sold by knowing how 
close to the top of the market they sell. 

It is believed that all who finish cattle, either of their own breed- 
ing or those purchased as feeders in the market, will become more 
intelligent producers if they become more familiar with the possibilities 
of the various grades of feeding cattle. There is much of pecuniary 
value to the cattle feeder in knowing the correlation between the 
various grades of feeding cattle and the several grades of fat cattle. 

Never did the results of an experiment in cattle feeding require 
more careful study and more serious thought than those to be presented 
in this bulletin. The reader is cautioned not to read parts of the bulle- 
tin and draw hasty conclusions, but to read and re-read all of it carefully 
and thoughtfully. An effort has been made to present the facts in 
such a manner as to avoid the possibility of the forming of misleading 
conclusions. 

OBJECT OF THE EXPERIMENT. 


‘ihe cbject of this experiment was to secure data for the accurate 
comparison of the six standard grades of feeding steers with respect to 
the following points: | 

1. The extent or quantity of gains. 

2. The rapidity of gains. 

3. The economy of gains as measured by feed consumed. 
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4. The nature of the gain as indicated by the different grades _ 
during the feeding period and as measured by their re-grading as beef or — 
fat cattle at the end of the experiment, the percentages of dressed beef 
and the percentages of fat. 

5. The comparative quality of the beef as expressed by the grading 
of the carcasses after slaughter. 

6. The relative profit to the feeder after considering all elements 
of outgo and income,—that is, the initial cost of the various grades of 
feeders, their relative extent and quality of gain, the cost of feed, and 
ithe comparative selling price of the various grades as marketed,—first 
under normal conditions, that is, a steady market; second, under 
abnormal conditions, that is, a falling market. 

In the interest of brevity these various points will be alluded to 
throughout the text as the “extent,” “rapidity,” “nature,” “economy,” 
and “cost” of gain, and the “profit” or the “loss” in feeding. 


TABLE 1.—GRADES OF FEEDING CaTTL4E, BEEF or Fat CaTTLE, AND CARCASSES ON 
Cuicaco MARKET. 


Feeding Cattle Beef or Fat Cattle Carcasses 
Fancy Prime No. 1 
Choice Choice No. 1 Light 
Good Good No. 2 Tops 
Medium Medium No. 2 
Common Common Rough No. 3 
Inferior Canning Stock 


The practical feeder very much desires to know the relative economy 
of production with these six different grades of feeders, and also the 
grade of finished cattle that may confidently be expected from each in 
order that he may calculate which will be most profitable after consider- 
ing the greater initial cost and the relatively higher selling price of the — 
better grades. It was to answer these questions that this experiment was 
undertaken. 

PLAN OF THE EXPERIMENT. 

The animals used were sixteen steers of each of the various grades of 
feeding cattle which were placed in feed lots and fed under uniform con- 
ditions; therefore this experiment involved the feeding of six car-loads 
of cattle. The fancy selected, the choice, the good, the medium, the 
common, and the inferior grades, as described in Bulletin No. 78 of this 
Station were each represented. | 

Experiments have been conducted with a few animals which have ~ 
thrown some light on this subject, but never before have enough animals 
been used to eliminate individuality and thus make it safe to accept the 
conclusions reached without a certain amount of reserve. — 

The choice, good, medium, common, and inferior feeders used in this 
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experiment were purchased in the Union Stock Yards, Chicago, the 
fancy selected in Missouri. These were all strictly grass cattle as none 
had received grain while on grass. They were purchased in October, 
and shipped to the University farm where they were all turned together 
on pasture, remaining there without grain for about a month. This 
placed all the cattle to be used in the experiment under uniform condi- 
tions for a month and furnished us an opportunity to become more 
familiar with the individuality of the steers. They were taken from the 
pastures and confined in the feed lots about the middle of November, 
when they were gradually accustomed to a light ration of broken corn 
together with all the hay they would eat. During the last week in 
November the various grades were selected without attempting to place 
“them strictly in the grades for which they were originally bought. 
When the steers were purchased, sixteen or more of each grade were 
“selected. A few of the steers changed sufficiently within the month in- 
tervening between purchasing and placing in the feed lot to change 
slightly their grade. In the main, however, they were ultimately assigned 
to those grades which they were bought to represent. A systematic effort 
_was made to secure native cattle in all the grades for this test. It was 
found, however, that the offerings at the Yards, while large, were 
still not sufficient to fill accurately the various grades without taking 
an occasional range steer. The few range steers that were selected were 
_ practically as useful for the object of the test as were the natives, since 
they were quiet and had apparently been previously accustomed to grain 
feeding during the preceding winter. 

At the beginning of the experiment the cattle were examined by a 
committee of experts from the Chicago Stock Yards, consisting of Mr. 
John T. Alexander, of Alexander, Ward and Conover; Mr. George W. 
Shannon, of Shannon Brothers, and Mr. James Brown, expert cattle 
buyer for Armour & Co., whose judgment was asked with reference to 
the grading and the market value of each grade. The same committee 
visited the Experiment Station at intervals of one month for the purpose 
of determining the improvement of each grade in value per hundred 
pounds. ‘The author desires to acknowledge his indebtedness to these 
gentlemen for their faithful and efficient services. Their expert judg- 
ment has been of the greatest value and importance to this experiment. 

The market at the beginning of the experiment was fixed upon as the 
basis for all values assigned to the cattle. This was done in order to 
free the valuations from fluctuations in the market, thus making it pos- 
sible to secure data on basis of a steady market. This committee contin- 
ued their work up to and including the time of marketing. As the cattle 
were weighed every two weeks and as a careful record was kept of the 
rations fed, it is possible to determine at what time the various loads 
could have been marketed to best advantage. 
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It is advisable to give a brief description of the cattle in each grade 
at the beginning of the experiment. For convenience the various grades 
were given lot numbers as follows: 

Lot 1. Fancy selected feeders. 

Lot 2. Choice feeders. 

Lot 3. Good feeders. 

Lot 4. Medium feeders. 

Lot 5. Common feeders. 

Lot 6. Inferior feeders. 


Lot 1. FANcy SELECTED. 


It seemed impossible to find a car-load of fancy selected feeders on 
the Chicago market during October, 1902, hence it was necessary to look 
elsewhere for them. They were finally located on the farm of Wallace 
Fistill of Missouri. It was difficult to secure sixteen cattle which 
would in every way meet the requirements of this grade. he feeding 
qualities of the cattle selected to represent this grade fully sustained 
judgment at the time they were purchased. They contained nearly one 
hundred percent of the blood of the improved beef breeds. The dams 
were high grade Shorthorn cows and the sire a registered Hereford. 
With one exception they bore the markings of the Hereford; this steer 
resembled his Shorthorn parentage as to markings and more so as to his 
conformation than did the other steers in this lot. 

While there was a slight lack of uniformity in size in this load of 
steers, they possessed the quality and conformation that accompany the 
typical beef-bred steer. It is true that they were the youngest steers, 
as a lot, in the test, being about two years old at the time of marketing. 
It is also true that age, as well as quality, conformation, and condition, 
is characteristic of the various grades of feeding cattle. Usually when 
the better grades of feeding cattle are selected for feeding they are 
comparatively young. ‘l’o make this point more clear it may be said that 
it would be impossible to secure a two-year-old inferior feeder, as infe-— 
rior steers of this age would possess neither the weight nor the flesh 
demanded in the feeder class. In Bulletin No. 78 feeders were described 
as follows: “As a rule, we may classify as feeders, steers weighing 900 
pounds or more that are eighteen months old or older, and that are fleshy 
enough so as not to render an extended period of low feeding necessary.” 
Manifestly the slower maturing, lower grades will always pe the older 
animals when feeding weights are attained. | 

The individual steers comprising this fancy grade possessed outstand- 
ing quality. They were the kind from which car-load show cattle are 
produced. Those who have attempted to collect such a group of cattle 
know how very scarce they are. Such feeding cattle are very seldom seen 
in any of our feeding-cattle markets, for when such a bunch’ is known to 


_. 
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be for sale it is usually eagerly sought, hence it is unnecessary to ship 
them to the market to find a buyer. While these steers had not received 
grain on grass, they were what would be termed “fleshy” feeders. See 
Plate 1. 

Lor 2. Cuoice Freepers. 

The steers in this group were unquestionably choice. They possessed 
large frames and perhaps averaged six months older than the fancy 
selected lot, though still younger than lots 4. 5, and 6. Owing to their 
more advanced age and the appearance of being more growthy, this 
load of steers was frequently selected by experienced feeders as the best 
ealeulated to produce the largest and most rapid gains of any in the 
test. They were the heaviest cattle entering the test and perhaps, 
everything considered, were carrying slightly more flesh than the others, 
although lots 1 and 2 were similar in this regard. These were purchased 
in the Union Stock Yards, Chicago, and were the best that had been 
seen on the market for a considerable time. They were high-grade Short- 
horns, uniform as to size, color, and conformation. Fed to a finish, 
steers of such quality ought to produce prime steers of sufficient merit to 
sell at the top on any ordinary market. See Plate 3. 


Lot 3. Goop FEEDERS. 


The quality and finish so manifest in the choice and fancy-selected 
lots were not so much in evidence in this group, although it was easy to 
see that beef blood still predominated. While these cattle possessed a 
strong infusion of beef blood, they did not meet the requirements of the 
ideal feeder in type or conformation. They were inclined to be up- 
standing, while some of the steers were rather plain in their ruimps. 
They lacked that attractive uniformity that characterized lots 1 and 2. 
As to condition they were hardly as fleshy as the grades already 
described. It should not be gathered from what has been said that these 
were an undesirable lot of feeding cattle, for they were not. In fact, 
eattle of their quality are not at all plenty in the markets of our country, 
and can only be produced by the use of bulls of some of the beef breeds. 
See Plate 5. 

Lot 4. Merpium Freprrs. 

Undeubtedly the most noticeable characteristic of this group was its 
lack of uniformity in color. This suggests their probable mixed breed- 
ing. The lack of uniformity is not by any means the main difference 
between this and the better grades. A closer study reveals a coarseness 
and angularity not at all characteristic of those of better quality. There 
is a plain, old style appearance about them that is very evident. The 
cattle appeared to be close to three years old. Experienced feeders 
would select now and again a steer from this lot that would be expected 

to make large gains, and occasionally one that would finish quite smooth, 
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but the majority would always remain rather coarse, rough, and paunchy. 
It should be said that this lot did not contain a steer that failed to ~ 
show evidence of improved beef blood, although the predominating 
blood seemed to be native or unimproved, with occasionally a dash of the 
blood of some one of the dairy breeds. See Plate 7. 


Lot 5. COMMON FEEDERS. 


This group showed but a very small percentage of beef blood. 
Native and unimproved blood predominated. ‘There was no uniformity 
in color and every steer showed a lack of both quality and conformation. 
‘he steers were rather coarse boned and large headed, and were plain 
throughout. They did not all have similar faults, but all were noticeably 
deficient in some particular. They were the kind that result from the 
somewhat common practice of indiscriminate breeding and the too com- 
mon practice of breeding from inferior grade bulls. See Plate 9. 


Lot 6. INFERIOR FEEDERS. 


There are so many standards by which feeding cattle might be desig- 
nated as inferior that it is well to be explicit in specifying the standard 
employed in the selection of the cattle comprising this group. It was 
not that they should be steers carrying a high percentage of dairy blood, 
although two or three steers in this group were undoubtedly strongly. 
dairy bred. Nor was it that they should be beef-bred steers of faulty 
conformation and lacking in constitution. An effort was made to select 
cattle inferior in quality and conformation from the standpoint of 
beef breeding, that is, those possessing very little, if any, of the blood 
of any of the improved beef breeds. This was a more difficult task than 
would seem to those who have not attempted it. The majority of this 
group were selected from a consignment of Virginia grass cattle shipped 
to the Chicago market.. They showed no evidences of beef blood and 
every evidence of being scrubs. As such they were plain cold-blooded 
creatures, not at all pleasing to look upon. See Plate 11. 

In general, the basis of selection in all these lots was quality, or beef 
breeding. In each instance where the grade called for well-bred beef 
steers they were selected not only with regard to their breeding, but care 
was taken that they should possess the qualifications which should accom- 
pany well-bred steers. In no case were steers selected to fill any of the 
grades that showed evidence of being poor and unprofitable gainers, and 
all were required to show equal evidence of health and thrift. | 

By referring to Table 3 it will be seen that the initial weights of 
lots 1, 5, and 6 were nearly the same, although lot 1 was the lightest 
of the three. Lot 2 was considerably the heaviest, while lots 3 and 4 
were very similar in weight. These differences in weight were, with the 


a 
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exception of lot 2, characteristic of the different grades used in the 
test. 

The fact that the steers in lot 2 were so much heavier than those 
in the other lots should not be passed without comment. It has been 
shown why it was impracticable to secure steers of uniform age to rep- 
resent the different market grades of feeding cattle ‘This was done, 
however, as far as practicable. By referring to the table it will be seen 
that there was but little variation in the average weight of the steers 
in the various lots, except that those in lot 2 were considerably heavier 
than those of any other lot. In erder that justice should be done to all 
grades, it seemed reasonable to secure more age in the choice than in 
the fancy lot. Differences in the ages of the different grades were inevit- 
able, but by securing an intermediate age in lot 2 which was one of the 
better grades, the factor of age as affecting cost of gains was largely 
eliminated. In securing more age and the quality which characterizes 
choice feeders it seemed necessary, to meet the requirements of this test, 
to get steers of rather heavy weight. It was not possible to secure cattle 
of uniform weight to represent the various grades without sacrificing 
other and apparently more important factors. It should also be noted 
that the differences in weight at the end of the experiment are much less 
marked than they were at the beginning. 

In selecting steers for feeding with a definite idea as to when they 
are to be ready for the market, the cattle feeder must needs give careful 
attention to age, condition, and weight. In this instance feeders were 
wanted that could be finished with thirty to sixty days light and pre- 
liminary feeding, and one hundred to one hundred and twenty days full 
feeding. This being true, strictly grass cattle were selected. 


SHELTER, FEED Lots, AND WATER SUPPLY. 


The shelter provided for the various grades of steers used in this 
experiment consisted of a low shed open to the south, very similar to the 
open sheds in common use for cattle feeding in the corn belt. It could 
hardly be said that the feed lots were like those commonly seen in TIli- 
nois, as they were all paved with brick. It is impossible to get two feed 
lots in which conditions would be precisely the same without some 
provision for keeping the cattle out of the mud. As the feed lots were 
small, 36x48 feet, with a 12-foot shed running along the north side, 
making the total size 36x60 feet, paving with brick seemed the most 
practicable system. The lots were not paved under the sheds, where the 
ground was protected from all surface water. The sheds were kept 
well bedded, but no attempt was made to bed the pavement. The lots 
were frequently cleaned, and in wet weather the consistency of the ma- 
hure on the pavement was such that it could have been handled more 
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advantageously had litter of some sort been freely mingled with it. The 
price of bedding at the time prohibited its use for this purpose. During 
the day the steers had access to fresh pure water stored in galvanized steel 
tanks into which it was drawn from the University plant. Late in the 
evening of each day during the coldest weather the water was all drawn 
from the tanks by means of a convenient device in the bottom of each 
and carried away in a tile provided for that purpose. 


MeTuHOD OF FEEDING STEERS. 


It should be borne in mind that, notwithstanding what may be subse- 
quently said concerning the method of feeding and the feeds used in 
connection with this test, the experiment was primarily to test the 
feeding quality of the various grades of feeding cattle, while the feeds 
used and the manner of feeding the same were incidental rather than 
material and were the same for all lots. It seemed desirable to elimi- 
nate the pork-producing factor in this experiment as far as practicable; 
hence, the grinding of the grain seemed necessary. Corn and cob 
meal has given such universal satisfaction for cattle feeding that the use 
of the corn in this form promised good results. In seeking a nitroge- 
nous roughage to supplement corn it was found that the quality of 
clover hay was universally bad and that it was impossible to secure good 
clover hay in sufficient quantities to warrant its use throughout the 
experiment. While clover and timothy hay were used in considerable 
quantities during the earlier part of the test, as soon as alfalfa could be 
secured it was used as roughage. Many well known cattle feeders have 
expressed the opinion from time to time that the chaffing or cutting of 
roughage and mingling it with the grain would prove the best method for 
economizing food. Except in a very few instances this method of feeding 
has never been used in an extensive way. The results of this experiment 
indicate that it is by no means an impracticable method of feeding. The 
clover and timothy hay, and later the alfalfa, were run through an 
ordinary ensilage machine which cut the hay into bits about two inches 


in length. This cut or chopped hay was mixed with the grain in certain 


definite proportions, as will be shown subsequently. During the early 
part of the experiment, cotton seed meal, and during the latter part, 
cil meal, were fed to supplement the corn, and these concentrates were 
an ingredient of the mixed feed which was fed the steers twice a day at 
six to seven in the morning and at four to five o’clock in the afternoon. 
Great care was taken to see that each lot was fed at the same hours each 
day. 

The adoption of this system of feeding made it possible to keep very 
accurate records of all feed, both roughage and concentrates and to 
insure that the proportion of roughage to concentrates was always the 
same with all the lots. 
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The experiment began November 29, 1902, and for several weeks the 
ear corn was simply run through an ensilage machine, which cracked the 
corn and cobs. The grinding of the corn, cob and all, began about the 
middle of February. Toward the last of the feeding of the cracked corn 
and cobs the steers left a large part of the cobs. 

The advantage of this system of feeding shows the possibility of 
converting a large proportion of the feed consumed into beef, profit not 
being so largely dependent upon the hog as a factor in beef production. 
There were very few cases of scours during the feeding period, and only 
two out of the 96 head were off feed during the entire time. These 
facts will at once commend this system to experienced feeders. It was 
not necessary to take out a single steer originally selected for the experi- 
ment, and the cattle were peculiarly free from sickness of any kind. 

The cotton seed and linseed meal were both of good quality; the 
former was the “Dixie Brand,” the latter “Old Process,” pea size. The 
clover hay used was of poor quality, the timothy hay, medium, the alfalfa 
while not strictly choice, was good, and the stover was poor. 

The cattle having been fed on broken corn for about three weeks 
prior to the beginning of the experiment and for a few days after, did 
not at first take kindly to the change from broken to cracked corn. In 
less than a week, however, they ate the cracked corn greedily. The 
grain and hay were fed separately for three weeks, after which time the 
hay was cut and mixed with the grain. They ate the mixed feed well 
from the start. The feeding of cotton seed meal was begun the fifth week 
of the experiment. The cattle did not eat it well at the start. In less 
than two weeks, however, they ate it greedily. For the first six weeks 
the amounts of corn and hay fed were about equal. At the beginning of 
the seventh week the proportionate weight of hay to corn was as one to 
two. Corn stover was fed to each lot one or two days a week during 
January and February in order to furnish variety and add the extra 
roughage which the steers seemed to relish. The appetite was kept 
keen by increasing the feed slowly and gradually. No indications of 
leaving feed were seen until about the end of the eighth week, when there 
was some tendency to leave some of the roughage part of the ration. 
This was taken as an indication that the amount of roughage to the grain 
fed was too great. Consequently the proportion was reduced to three- 
quarters corn to one-quarter hay. February 8, one-half the roughage fed 
was clover hay and the other half alfalfa. From February 11 to the end 
of the experiment practically all of the roughage fed was alfalfa. It 
proved a most excellent roughage. The droppings of the steers soon 
began to show that their bowels were in much better condition than 
when clover hay of poor quality was fed. By February 18 the steers were 
getting all the feed they would take. From this time on an effort was 
made to feed them all they would eat, care being taken not to force 
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them off feed. Not a steer of the whole 96 head scoured until March 
23, when one in lot 3 began scouring. In a very few days this was 
stopped, and no more cases occurred. March 24 one-half of the cot- 
ton seed meal was replaced by linseed oil meal. The cotton seed meal 
in the ration was gradually replaced by oil meal. Neither the appetites 
of the steers nor their droppings appeared to be materially different 
as a result of this change. Their appetite fell off materially with the 
warm days of May and they were given less feed in consequence. 

On the basis of the total digestible nutrients fed throughout. the 
experiment, the nutritive ratio is 1: 7.64. This is too wide as compared 
with the standard nutritive ratio for fattening steers, a variation from 
the standard which is permissible in the corn belt where the effort is to 
use as much corn as possible, and the gains made for food consumed 
appear to indicate that a ration having a nutritive ratio of 1: 7.64 made 
up of the feeds used in this experiment will produce satisfactory returns. 

Table 2 shows the daily rations fed per 1,000 pounds live weight 
in each lot by periods. This exhibit is presented because it is believed 
that many cattle feeders will be interested in knowing just how much 
and what kind of grain and how much and what variety of roughage 
the steers received daily during the various stages of the fattening pro- 
cess. 

By referring to the table it will be seen that during the first month 
the number of pounds of roughage to grain or concentrates fed per 
thousand pound steer was as 4:3. From this time on the grain part of the 
ration was gradually increased while the roughage was as gradually de- 
creased until the last, when about five times as much ote was fed as 
roughage. 

Some timothy hay was fed, but for no other reason than that clover 
was not available at the time. The change from cotton seed to old pro- 
cess linseed meal was made to furnish greater variety. 

Of the total feed consumed, a little less than 69 percent was grain 
and a little more than 31 percent was roughage; that is to say, the weight 
of roughage was 45 percent of that of the grain. As the same ration was 
fed to all there was no opportunity of knowing whether a different pro- 
portion would have been more favorable for certain of the grades. 
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TABLE 2.—Datnry RATION PER THOUSAND PouNpDs LIVE WEIGHT By PERIODS. 


* Periods. 
Lot "Food stuffs. 
1 2 S 4 5 6 vi 
Cracked corn, and corn 
and. cob: mealer, uss Se Delo oon LOLS 117-63. 116.91 7116.74 117.12 
Cotton seed meal....... Seer ential of ar hal C2e ot) POS Si needs ull. Bore 
eo), EP. linseed meal. ; > ey eee ee Se PY eal Bg SY Ro, 2: Ye a 8 
ALLEATES See eet rae eae ee Mesh taal zag | o.oo | o.0411-4.45. 3.48 
lover Hay” 7 2. csae se 9:08) 12454-5219 Me te Bee .20 
mimothychay.\ su. oa. oes Oo. 9S [L824 ae ! * .30 
ME Ty LOV el ea rotten at eee | ea eek) | vere {ere clea. | oak BLOV GI cr ae sree oe Pe eso bet O oe 
ENT hry arco cle tees ee ele Beep ee tee corn and corn 
and cob meal ........ 8.63: |13.38 |19.35 |18.54 |18.98 |18.27 |17.99 
Cotton seed meal....... see 4o led G4 i242 |eLe 1? oe 
2 | O. P. linseed meal...... ky Pe ee eae Wt exe: A 2.56 202 
Petraes Pe ES od a Ptee O46 18 + O270 4 4-85 1-3: 65 
RG yre Tala Vota ns! sucked uti’ Pod Ll eicles etn s 20) HRD ald Be: 3 21 
PERPROLAN DAV. nites 5% - a Sree aa RS ee peel ies .30 
Rear SlOVEE © cole. hn Se 1 eee, (Sees eT ao leat Pars a) pe treet! poneaee x | ee ci .96 
Cracked corn and corn 
and cob meal ........ 9.438 |13.90 |19.35 |18.58 {19.10 |18.11 |17.89 
Cotton seed meal....... Wiel ee. foelee toe) Lk. OS ee 
we 1) Po lmseed meal... : ici Mis mele eet ie oe col 
Ria tebe Pe 3c) Dattetl wel i Meg ie 2296 6.20.1 5.67.1.4.814| 3.56 
POE ORY eile gna 93 10.12 | 2.46 | 5.20 WR iy ero 21 
Matnotny hayes... BOG oO. 40-7 oo. ee ok 
Re VEY) wes oats Sires eBoy 105 | igi toe ee. 4 oe he ad GH aes 8 get 2 Bbve 1.05 Se 
| Cracked corn and corn 
and cob meal........ 8576 \io7ee 110-538 118-86 119.02, 117.90 117.08 
Cotton seed meal....... Pett ienat 2.50 | 2242 | 1. FO ik Win | Ne 
a). P. linseed meal ...... tat DOSS ket ST SEBO" 2 ep tie2 39 
rrr ee So ¢- = 12-97 |. 6.29 | 5.55.1 4..76.|.3.46 
MAOUET NAY.) .). < cs ees 0 oe ea es Ee a eee poh soalhcai .20 
tmeryebA Von... tek. Powel as OO s| tan ; 3 .29 
en heat ie ee eel 1 OTe) eb cee, bee eb gti LA yg ol 9 gee ee oe igo ck Oy a 
ea ot cary, sb el | do Salle hb ks ch aktcnnbs donde ties corn and corn 
and cob meal .......: 9°O0t 113.8119 -50 118.35 118,37 117.11 j17-60 
Cotton seed meal....... ee Vl Oe 2 TT 240 165 SY ED Se 
5:1 O. P.linseed meal...... ee sae Oe es io 2 2 oen we eO 
ee es, Siti nee He eeu 10, le 1 O40) 4. 04-1 ScbA 
Br Glover hay 2.2. oo... SOOO aol O26 ee .20 
MAIOLDY “DAY: § x seiieie wos A. 032) 8 (48. 4bcue. ee 30 | 
OED ELOVCD . a. csc nes Ole st a. Pe | LEIS | aes nes hee tie aes Lei ochuit 
Cracked corn and corn 
ana cob meal... 22,” 7.93 \'3.26 |19°48 117-74. 117.30 [16.92 116-27 
Cotton seed meal....... eee (ei eee LHD #32 ADS. tat a hee ae 
a. linseed meal... ..... Sa AR eke ee Rat A er ee ad pee a 
Renee Sete eee et eat Set eee oti ro tell 4 DOM raseo 
laver hayek os etek LO Loe Ata Deo e triode bestia ts .19 
Mamiothy bay sz)... | Ae OS PES CaaS eo .28 
MreLOVET. oo cae. veg: Rs as el i nize 


*Period 1 extended from November 29 to December 27, 1902; period 2, Decem- 
ber 27, 1902, to January 24, 1903; period 3, January 24 to February 21% - period 4, 
February 21 to March v4 ‘period 5, March 21 to April 18; period 6, April 18 to 


May 16; period 7, May 16 ‘to May 28. 
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TABLE 3.—EXTENT AND RAPIDITY OF GAINS IN POUNDS FOR THE VARIOUS GRADES. 


Market grade | 16 steers at 16 steers Average Average 

Lot | at beginning | beginning | Average | atendof | Average gain per | daily gain 
No. of experi- of experi- | per steer. experi- per steer. steer per steer 

ment. ment. ment. for wholes for 

period. 179 days. 
1 Fancy ....| 14953 934.562} 22315 | 1394.687| 460.125 2.570 
29 | Choice. ha 7836 1114.750| 25120 |1570.000] 455.250 2.543 
ult: (O00? ae 16305 1019 .062} 23010 | 1438.125] 419.062 2.341 
4 | Medium...| 16355 1022.187| 22450 | 1403.125] 380.938 2.128 
5 | Common ..| 15458 966.125} 21780 | 1361.250} 395.125 2.207 
6 | Inferior ...| 15448 965.500} 21055 | 1315.937 | 350.437 1.957 


This table exhibits the total weight of each lot, and the average 
weight of each steer at the beginning and at the end of the experiment, 
the average gain of each steer in each lot for the whole period, and the 
average daily gain per steer in each lot throughout the feeding period. 

Undoubtedly, the most characteristic thing illustrated in this table 
is the variation in the extent and rapidity of gains made by the steers 
in the various lots. With one exception it will be seen that the better 
the grade of steers the greater and the more rapid the gains. ‘This excep- 
tion is lot 4. The steers in lot 4 did not gain quite as rapidly as did those 
in lot 5 which were lower in grade. This variation in extent and rapidity 
of gains is so gradual and regular that it is added proof of the generally 
accepted fact that, where other conditions remain constant, the better 
the quality of steers the greater and the more rapid are the gains. That 
there should be such wide differences in gains as is shown in the above 
table adds further evidence on this point. The economic importance 
of this factor will receive comment later. 

Larger gains are frequently reported, especially in short feeding 
periods, but at no time during the first half of the feeding period were 
these steers crowded to their utmost capacity. During the last half 
only were they given all that, in the judgment of those having the experi- 
ment in charge, they could use to advantage. Attention was given to 
economical rather than extensive production of beef. Economical pro- 
duction of beef involves the securing of a satisfactory market finish with- 
out overloading the animal with fat. While an over-ripe condition con- 
tributes largely to higher averages of dressed beef and higher percentages 
of fat, it is detrimental to the retail butcher, the consumer, and the 
producer; to the retail butcher because it entails too much waste of 
fat in cutting; to the consumer because he is forced to accept more 
fat at the market than can be agreeably consumed along with the lean 
beef accompanying the cut; and lastly, and most important of all from 
the feeders’ standpoint, this unnecessary and superfluous fatness of the 
over-ripe bullock is the best possible evidence that the last gains have 
been very expensive. 
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TABLE 4.—AVERAGE DAILY GAIN PER STEER IN Pounpbs FoR EACH Lot By PERIODS 
AND AVERAGE FOR ALL Lots By PERIODS. 


From sey 27, From From From From From Noveoe: 


Lot | Nov. 29- 1902 Jan, 24— | Feb. 21— | Mar. 21- } Apr. 18- | May 16- 1902- 


Dec. 27, Feb. 21, | Mar. 21, | Apr. 18, | May 16, | May 28, 
ak peagozs | 122224, 1903. 1903. 1903. 1903. 180878 | eee 
28 days. 28 dinviet 28 days. | 28 days. | 28 days. | 28 days. | 12 days. | 179 days. 
1 2.136 .959 3.024 2.812 2.968 3.303 5 hog BAS 2.570 
2 2.095 .825 2.801 2.734 3.683 on205 2.329 2.543 
3 1.428 .904 27000 2.500 3.448 2.801 3.380 2.041 
4 1.484 .457 2.154 2.134 3.191 2.399 et CD 22128 
5 1.466 424 Beeoe 2.414 3.538 2 544 3.039 2.207 
6 1.466 982 1.852 2.198 3.493 2.008 1.307 1.957 
Aver- 


age 1.679 159 2.436 2.615 3.387 2.710 2.698 2.291 


The accompanying Table 4 shows that the greatest average daily 
gain for the ninety-six head came during the four-week period from 
March 21 to April 18, and the lowest average daily gain was secured dur- 
ing the second four-week period. Barring the one exception of the 
second four weeks in the feeding period, taking the whole number of 
steers involved in this test, the average daily gains increased steadily 
from the first four-week period to that of the fifth period, after which 
the average daily gains fell off slightly for the last two periods, but 
the gains here were still greater than those obtained during any of the > 
periods preceding period five. Tabulated records on subsequent pages 
of this Bulletin, Table 14, show that the committee of experts from the 
Yards, consisting of Messrs. Alexander, Shannon, and Brown, decided, 
without knowing the gains made by the cattle month by month, that 
during this same fifth period the steers increased in value more than 
during any other four-week period. This is evidence of the expert 
ability of these gentlemen and of the great care that was exercised in 
fixing the values of the cattle from month to month. 

The results tabulated have a bearing upon the possible extent of 
gains in the various grades under study. By referring to Table 4 it 
will be seen that the average daily gains for the last forty days of the 
experiment were rather above than below the average for the whele 
time, an increase which indicates that probably fairly satisfactory gains 
could have been secured for a limited longer period. It is more than 
probable, however, that the increase in value per hundred weight of the 
steers of the various lots would not have been sufficient to render such 
feeding profitable. As bearing upon this important question we publish 
the following statement made by the committee of experts, Messrs. Alex- 
ander, Shannon, and Brown: 


EXcHANGE BurILpIne, UNIon Stock YARDS. 
Cuicaco, Ill., September 10, 1903. 
All of the various lots, from one to six, inclusive, of the steers mar- 
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keted by the Illinois Experiment Station, May 28th, 1903, were in good 
marketable condition. ‘Their market value would not have been profita- 
bly enhanced by further feeding. | 7 
JOHN T. ALEXANDER, 
Signed, GEORGE W. SHANNON, 
JAMES Brown, 
Committee of Experts. 


TABLE 5.—EcoNnomy oF GAINS AS MEASURED BY FEED CONSUMED. DIGESTIBLE 
*Dry Matrer REQUIRED FOR PRODUCING GAINS IN BEEF, 
Cost oF PouND oF BEEF. 


Lot Total in Total in Total dry Total wise tTotal Cost per 
No. concentrates. roughage. matter. gain, |perpound| cost of poun 

pounds.| © of gain, gain. of gain. 

1 50753 .966| 22513.674| 73267.640| 7362 9.952 |$496.45 |$0.0674 
2 61393 .255| 26699 .992| 88093.247| 7284] 12.094 | 598.59 .0821 
he 56236 .152| 24781.074} 81017.226| 6705| 12.083 | 548.18 0817 
4 54977 .196| 24558.566| 79535.762| 6095]! 13.049 | 534.63 0877 
5 52179 .942| 23695.316| 75875.258| 6322| 12.002 | 513.47 .0812 
6 49512..307 | 22982 .623 |. 72494.930| 5607] 12.929 | 485.64 .0866 


Total | 325052818 | 145231 .245 | 470284 .063 | 39375 | 11.943. |3176.96 .0806 


*Dry Matter. The portion of a feeding stuff remaining after the water or 
- moisture contained therein has been driven off by heat. Ordinary feeds contain 
about 10 to 11 percent moisture. 


+The figures in this column represent the total cost of feed less value of pork 
produced by the pigs following the various lots. 


Table 5 exhibits not only the total number pounds digestible dry 
matter fed each lot, but the amount of dry matter in the roughage and in 
the concentrates separately. It shows the pounds dry matter required 
to produce a pound of gain in beef for each lot, the cost of gain, and the 
cost per pound of gain in each lot. 

From the totals in this table it was determined that about 69.11 per- 
cent, or a little more than two-thirds of the digestible dry matter fed, 
was fed in the form of concentrates, such as corn and cob, cotton seed 
and oil meal, and 30.89 percent was fed in form of roughages, such as 
clover, timothy, alfalfa hay, and corn stover. It will be noticed that 
except in the case of lot 1 the total amount of dry matter consumed 
varies directly with the grade of steers. The better the grade, or the 
better bred the steers, the larger the consumption of dry matter. The 
consumption of dry matter did not follow as uniformly the variations in 
weight of the cattle. It did not necessarily follow that because one 


lot of steers was heavier than another it would consume more feed and ~ 


consequently more dry matter. Weight certainly does have a marked 
influence upon capacity and demand for feed, but the records of this 
test appear to indicate that the possibility of large consumption is also 
dependent upon the grade or quality of the cattle. In case of lot 
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1, however, there appears to be a relatively small consumption of dry 
matter. This is the lot in which the weight of the cattle at the begin- 
ning of the experiment was much less than in other lots, and this 
undoubtedly was the cause of the smaller consumption of feed. 

By referring to the column in the table showing the pounds dry mat- 
ter required to produce a pound of gain in beef, it can be seen that 
while the average number of pounds of dry matter required to produce 
a pound of gain in beef for the whole 96 head involved in the experi- 
ment was 11.943 pounds, the steers in lot 1 required only 9.952 pounds. 
This shows that the steers in lot 1 were clearly the most economical pro- 
ducers of beef of all the lots. The gains in beef in lot 4 were made at 
greatest expense of dry matter consumed, while lot 6 is a close second. 
That there should be so much difference in the cost of a pound of beef 
between lot 1 and the other lots and that there should be such slight 
differences in the other grades should not be passed unnoticed. The cost 
of gains in the various lots does not seem to be clearly dependent upon 
either the age, initial weight, or breeding of the steers. In lot 1 we 
have the highest percentage of beef blood, the youngest age, and the 
least initial bodily weight. It is believed that all of these factors 
contributed to the results exhibited here. Evidence is wanting, however, 
to make it possible to make strong claims for any one of these factors 
as an essential above all things in the economic production of beef. 

Cost of gains in beef were computed both on the basis of digestible 
dry matter consumed and net cost of food converted into beef. This 
will make it possible for the feeder to tell at a glance the relative cost 
of gains in beef in the various lots under conditions prevailing during the 
past season. Market prices of feeds used in beef production are subject 
to great variations, hence, the dry matter table is believed to be essential. 


NUMBER OF PouNDsS BEEF PRopUCED PER BUSHEL OF CoRN FED. 


Since it is customary among feeders to use a bushel of corn as the 
unit for figuring the possibility of securing certain gains from a given 
amount of feed, the subjoined statement will be of interest. 

The steers in lot 1 made 9.74; lot 2, 7.97; lot 3, 7.99; lot 4, 7.45; 
lot 5, 8.13; and lot 6, 7.61 pounds of beef for each bushel of corn con- 
sumed. | 

It should be borne in mind that with each bushel of corn about eight 
pounds of some highly nitrogenous concentrate like cotton seed or 
linseed oil meal was fed, and that in addition to beef a certain amount of 
pork was produced. 


[ December, 


BuLuetin No. 90. 


172 


€r6 IT | 942°O1 | GEO ZI | 226°OT | P62 SI | FLL°8 | 168° St | OT8'OL | OFE SI | 89F° ZI | 609 SI | 160 EE | 990° ZI | pevIquios 
; 840] T1V 
626 ZI | Zh 6T | 189 SL | OLE'ST | LOGS | G6F9 Z| LIT'ST | 662° IT | SI8'9L | FI9'ST | OO ZT | 20OF FS | ZS EST 9 
GOO GI. | GEG | 62S SI | HFS Il. | 1Z4b' ZI | -160°8 | SEZ FI | 2866 | 298° 21 | c66°ST | 6&2. 22 | Ssgizc | Ic6 e1 G 
60 SI | 8EF'6 | S6E°SI | SOF SI | SI9'ST | 069'6 | 96F'ST | 299° OT | OSZ°ST | I6L' FI | &F2°&% | FOL SS | 068 SI F 
€80 GI | 800°6 | Z8E° SI 1 9FO' II | 22L°21 | 080°6 | O6F' FT | TI9°IT | ZZ8°ST | 1ZO'SL | 160'0% | 2¢¢°8z | EE2°FT g 
760 ZI | S88 FL | 296° IT | OFL OL | S4Z°SI | #FGe'6 | ZEG eT | SLO IT | LHP FT | 180° SI | STZ 91 | T68°se | SPE OL Zz 
296'6 | 890°6 | FZ0' OT | 807'8 | FZ0'OI | 80F'8 | ZLF OI | F9F'6 | 699° IT |.F49'6 | OEO ET | SI8'F2{ 09'S I 
‘S061 "S061 : ‘S061 1°. “S06T “S06T : “S061 ‘S06I 
86 ACH | gh eur | OT ABW |< eO8E | gr ady |. 2061 | yg rey | S06 | tz -qaq | 8061 | 4g -uep [ez cusp | O6T | con 
ia 8z Avy | % gt Avy | * St ady} © 12 “rey | = 1Z “99 |" a 1g °99q 
, 606T  | oy cepy |, 7206T |_gy ady |, 0061 |_t¢ -reqy |, 2061 |_pz -qaq |, 2061 |_72 -uee| 72061 | —Z06T |_6> -,on 40'T 
6G ‘AON 6G ‘AON ‘6G “AON ‘6 ‘AON “6G ‘AON ‘6S “AON | *2% 29d 


‘dOrud qd HOVY JO GNY OL LNAWINEdXY AO DNINNIDAG 
WOUT OSTV ‘qoluag HOVYW YOd NIvt) 40 GNOOG V wdondoudg OL aauInodyY UALLV], AUC ATAILSASIG SCNOOg do 4gaWON—'9 ATAVEGE 


1903. | FATTENING STEERS. 173 


Important data are presented in Table 6. It shows the amount 
of digestible dry matter required to produce a pound of gain during 
each of the four-week periods throughout the experiment and the 
amount required from the beginning of the experiment to the 
end of each period. From this data some light is thrown upon 
the question whether or not early gains are cheapest after eliminat- 
ing the first few weeks during which time apparent gains are to be 
partially referred to “fill.” The very large amount of dry matter 
required to produce a pound of gain in all the lots from December 27, 
1902, to January 24, 1903, should be noted. By referring to Table 4 
it will be seen that the gains in all the lots during this period were much 
smaller than the gains for the corresponding lots during the periods 
preceding and following the one in question. The fact that the gains 
were light during the preceding period is evidence that the small gains 
during the second period were not due to differences in stomach 

and intestinal contents at the beginning and end of the period. As 
- far as we are able to determine, the expenditure of relatively so large 
an amount of dry matter to produce such small gains was due to several 
causes. 

First, the feed lots were undergoing important changes which neces- 
sitated the frequent disturbance of the steers by workmen. 

Second, visitors were numerous and the steers were frequently dis- 
turbed on their account. 

Third, feeds which the steers had not been accustomed to eating 
were added to the ration, and the preparation of feeds used and method 
of feeding were considerably modified. 

Jt has been customary in reporting tests of efficiency of feeds for 
meat production to reduce the results to the amount of feed required for 
producing a unit of gain. Thus the gain produced is assumed as the 
constant quantity and the amount of feed required is calculated on that 
basis. The author believes, however, that in discussing the efficiency of 
a ration a fixed quantity of the ration itself is properly the basis of 
calculations, and that the comparisons made should be between the dif- 
ferent gains produced by this fixed quantity of the feed under the various 
conditions of the test. In this way the producing capacity of the feed 
is shown in simple terms, while by the other method the gaining capacity 
of the animal is the result obtained. On this assnmption the following 
table is presented, showing the amount cf beef produced per bushel of 
corn consumed, and the amount and value of the beef produced per 1,900 
pounds digestible dry matter when fed to each of the six grades of 
steers. 

The efficiency of the feed for producing increase in weight is shown 
in line 3 of the table, and is computed from the increase in weight and 
the digestible dry matter consumed by each lot of steers. The efficiency 
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in the case of lot 1 is then made the unit or.100 percent, and the 
results reduced to this basis, as shown in line 4. 

Next the efficiency of the feed for producing increase in value per 
hundred weight of the beef is recorded in lines 7 and 8. These figures 
are derived as follows: Assuming a stationary market throughout the 
experiment, the increase in value per hundred weight of the cattle—as 
fixed by the committee of experts—is divided by the amount of digesti- 
ble dry matter consumed (lines 5 and 6), giving the increase in value of 
cattle per hundred weight per unit of feed. Reducing the results to 
terms of lot 1 as above, we have the eighth line of the table. 

Lines 9 and 10 show the efficiency of the feed for producing per- 
cent increase in value of cattle per hundred weight, which result is 
obtained for each lot by dividing the increase in value per hundred 
weight for 1,600 pounds digestible dry matter by the original cost per 
hundred weight. 

- In order to determine the efficiency of the feed for increasing both 
amount and quality of beef—in other words, to find the total increase 
in value of the cattle due to a unit of feed consumed—the increase in 
live weight per unit of feed is multiplied by the increase in value per 
hundred weight per 1,000 pounds digestible dry matter consumed. In 
this way lines 11 and 12 are obtained. 

Taking into consideration the percent increase in value per hun- 
dred weight of the cattle and their increase in weight, for 1,000 pounds 
digestible dry matter consumed, the net efficiency of the feed may be 
computed. This result is shown in lines 13 and 14, which are obtained 
by multiplying the results in line 2 by the corresponding numbers in line 
9. We now have the efficiency of the feed with respect to increase in 
weight (line 4), increase in value per hundred weight (line 8), percent 
increase in value per hundred weight (line 10); increase in value (line 
12); and percent increase in value combined with increase in weight 
(line 14). 

It should be borne in mind that the data presented in the accom- 
panying table are computed on the basis of a stationary market, the 
increases in value per hundred weight in the various grades being fixed 
by the committee of experts. | 
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TABLE 7. 


Lot 1, Lot 2, Lot 3, Lot 4, Lot 5, Lot'6, | Line 
Fancy. Choice. | Good. | Medium. |Common.| Inferior. : 


Lb. beef produced per 

bu. corn consumed ...|. 9.74 | 7.97 | 7.99 | 7.45 Sntonlnie6ie. Cl) 
Lb. beef produced per 

1,000 lb. digestible dry 

matter consumed..... 100.40 |82.60 |82.70 {76.60 {83.30 {77.30 | (2): 
Efficiency of feed tor 

producing quantity of 

gain, or percent of 

digestible dry matter 

converted into beef ...| 10.04 | 8.26 | 8.27 | 7.66 | 8.33 | 7.73 | (3) 
Efficiency of teed for : 

quantity of gain on 

basis of 100 percent for 


ae eee eee 100 82 82 76 83 re (4) 
Increase in value of cat- 

te percwtes:.. 22... D225) WG2.oD $2.30 | $1.95 | $1.90 | $2.05 | (5) 
Total lb. digestible dry 

matter consumed ....| 73,268 | 88,093 | 81,017 | 79,536 | 75,875 | 72,495 | (6) 


Increase in value of cat- 

tle per cwt. per 1,000 

lb. of digestible dry 

matter consumed..... $0.031 |$0.027 |$0.028 |$0.025 |$0.025 |$0.028 | (7) 
Increase in value of cat- 

tle per ewt. per 1,000 

lb. digestible dry mat- 

ter consumed on basis 

Beer OrioUl .. i... 100 87 90 81 81 90 (8) 
Percent increase in value 

of cattle per cwt. per 

1,000 lb. digestible 

matter consumed..... .0065| .0059} .0066} .0065} .0069} .0083) (9) 
Ditto on basis of 100 

percent for lot 1.......|100 91 102 100 106 128 (10) 
Increase in total value of 

cattle per 1,000 \|b. 

digestible dry matter 


Peraiined Hr. fo. Ss. $3.11 $2234) $2.32) $1.91 | $2.08: | $216.1 01)) 
Ditto on basis of 100 for 
ee 100 72 10 61 67 : 69 (12) 


Percent increase in value 
per hundred weight 
combined with increase 
in weight for 1000 lb. 
digestible dry matter 
CO) a [O52 487 .545 497 574 .541 | (13) 


Os gis ee eee 100 75 84 76 88 98 (14) 


With respect to amount of gain produced the feed of lots 1, 2, 3, 
4, 5, and 6 was effective or efficient in the ratio 100 82, 82, 76, 83, 77 
respectively. 

With respect to quality of the increase, or its increase in value per 
hundred weight, the ratio was 100, 87, 90, 81, 81, 90. 

With respect to the percent increase in value per hundred weight the 
ratio was 100, 91, 102, 100, 106, 128. 
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With respect to combined quantity and quality of gains, or total 
increase in value of the cattle, the ratio was 100, 72, 75, 61, 67, 69. 

With respect to percent increase in value per hundred weight com- 
bined with increase in weight the ratio was 100, 75, 84, 76, 88, 98. 

It will be observed that the most economical disposition of the feed 
consumed was made by the fancy selected feeders, excepting as to their 
percent increase in value per hundred weight for feed consumed. As 
previously noted, these steers were younger, lighter, and of more uniform 
breeding than any of the other grades. Another notable fact is that 
the feed was clearly more efficient for increasing the value of the cattle 
in the three higher than in the three lower grades when both quantity 
and quality of gains are considered. The good showing made by the 
common and inferior cattle in respect to the percent increase in value 
per hundred weight for a given quantity of feed, and in respect to the 
percent increase in value per hundred weight combined with their 
increase in weight as indicated in lines 10 and 14, respectively, is due 
to their lower original cost and consequent advantage as to relative or 
percent increase in value. The efficiency of the feed as shown by the 
percent increase in value per hundred weight of cattle is a more varia- 
ble factor than its efficiency as indicated by the actual gain in weight 
and its value per hundred weight, so that the result in line 12 can be 
accepted as a more constant and reliable comparison of the grades than 
can those of lines 10 and 14, because any market condition which 
changes cost, selling price, relative increase in value per hundred weight 
of the various grades would materially change the relative percent in- 
crease in value of the cattle. These results as a whole may be inter- 
preted as pointing to a relatively more economical gain by the higher 
grades, and a widely variable relation between the various grades as to 
the percent of increase in actual value which they will produce from a 
given amount of feed. The feed was least efficient as to value per 
hundred weight of gains when fed to the medium and common grades, 
least efficient as to combined quantity and quality of gains when fed to 
the medium cattle; and least efficient as to percent increase in value 
per hundred weight combined with increase in weight in the case of the 
choice and medium grades. 


GAINS IN WEIGHT OF Pics FOLLOWING STEERS. 


As has been stated elsewhere it was thought advisable to eliminate 
the pig as far as possible in this test. This end was reached by grind- 
ing the grain. Five pigs were placed with each lot of sixteen steers at 
the beginning of the experiment. As will be seen by referring to the 
following statement the steers received very light grain rations for the 
first two months and made correspondingly small increase in live weight. 
One of the pigs in lot 5 was accidentally killed and as no other pig was 
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available to substitute in its place it was thought best to reduce the 
number in each lot to correspond with that in lot 5. During the last 
month of the experiment eight pigs were allowed to follow the sixteen 
steers in lot 2. These eight pigs made nearly as great average individ- 
ual gains as when only four were following the sixteen steers. From this 
we are led to believe that from the time the steers were worked up to 
full feed until the end of the experiment, the production of pork might 
have been nearly doubled. It should not be assumed that the large 
pork production of the pigs in lot 2 during the last month was due to 
the fact that the droppings had been allowed to accumulate for a long 
time as the pens were cleaned but shortly before the extra pigs were 
turned into them. 
The gains in pork by lots for the whole period were as follows: 


Lot 1. 419 pounds. Lot 4. 520 pounds. 
*Lot 2. 500 pounds. Lot 5. 420 pounds. 
Lot 3. 475 pounds. Lot 6. 480 pounds. 


It is quite remarkable that the smallest amount of pork produced 
should be in the lot where the steers took the least number of pounds 
of dry matter to produce a pound of beef, and that where pork produc- ~ 
tion was greatest the feed was apparently least efficient for beef produc- 
tion. The relationship between the high efficiency of the feed for beef 
production and minimum pork production is too regular to. escape com- 
ment. Referring to the table exhibiting the average number of pounds 
of dry matter to produce a pound of gain in beef (Table 5), it will be 
seen that for efficiency, the lots stand in the following order: 1, 5, 3, 2, 
6, and 4, while for pork production, they have the following order, 
beginning with the lot showing smallest production of pork: 1, 5, 3, 
6, 2, and 4. 

The steers were loaded for shipment to Chicago on Wednesday 
afternoon May 27, care being taken to have each lot receive as nearly 
the same treatment as possible. The Champaign weight was taken on 
the morning of the 27th before the cattle had been fed or watered. 
They were then fed their regular feed of grain and roughage, except 
that the roughage fed on the morning of the 27th and that fed on the 
previous day was timothy hay instead of clover or alfalfa, which are 
liable to cause some bloating in transit. In case the roughage fed con- 
sists of clover or alfalfa bloating can usually be avoided by the feed- 
ing of timothy hay for the last day or two before shipment. The steers 
were also given free access to water between 9 and 10 a. M. after being 
grained. 


*The actual amount of pork produced by the original four pigs following this 
lot of steers throughout the experiment, thus making it possible to compare the 
pork produced in this lot with that produced in all other lots, 
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TABLE 8.—NATURE OF GAINS. SHIPPING AND SLAUGHTER WEIGHTS OF STEERS. 


Lobel Lot 2. Lot 3. Lot 4. Lot 5. Lot 6. 


Weight 16 steers, 
Champaign, 
May 27, 1903. 
Pounds? ts 22315 .00} 25120.00} 23010.00) 22450.00} 21780.00} 21055.00 

Average weight 
per - steer, 

Champaign. 
Pounds eset is ae. 1394.68} 1570.00} 1488.12} 1403.12) 1861.25] 1315.93 

Weight 16 steers, 

Chicago, May 
23> 1903 o. cette 21960 .00} 24650.00] 22430.00) 21980.00} 21370.00} 20940.00 

Average weig ht 
per steer, Chi- 
cago. Pounds ..| 1372.50} 1540.62} 1401.87} 1373.75) 1335.62} 1308.75 

Percentage of 
shrinkage in 


shipping ...... 1.59 1.87 2.08 1.64 1.88 54 
Pounds shrinkage 
per steer ...... 22.18 29 .37 36.25 29 .27 25.62 7.18 


Total dressed 

weight of 16 

carcasses...... 13532 .00] 15165.00} 13622.00} 13120.00} 12797.00| 12341 .00 
Average weight 

of 16 carcasses. 

‘Pounds. 22% 24 846 .00 947 .00 851.00 820 .00 799 .00 777.00 
Percentage of car- 

cass to live 


weight ........ 61.62 61.52 60.74 59.70 59 .88 59 .36 
Percentage of caul 

EA Tea Soins 5 ee 3.39 3.50 3.59 watt 3.61 3.83 
Percentage 

of.rough fat. .. 6.07 6.18 6.98 6.98 6.46 7.98 


Especial care was taken to bed the cars well with straw, and for 
convenience in. keeping the lots separate only sixteen steers were put in 
a car. 'The yards and loading chutes at Champaign were located about 
a mile from the feed lots. In driving the cattle to the loading chutes and 
in loading them, great care was exercised to handle them quietly and 
without confusion, that they might arrive on the market with as little 
shrinkage as possible. The cattle were all loaded between three and 
six o’clock in the afternoon. They left Champaign at 7:30 P. M., May 
27, and arrived in Chicago at 5:30 a. M., May 28. 

By referring to the above table it will be seen that the shrinkage per 
steer was light with all the lots, but remarkably so with lot 6. The 
highest shrinkage was with lot 3. The light shrink of the steers in lot 
6 is undoubtedly due to the fact that they “filled” better in the Yards than 
the steers in the other lots, especially much better than those in lot 3. No 
cause is known why lot 3 should “fill” the poorest and lot 6 the best. 
With the two exceptions noted, the percentages of shrinkage were quite 
uniform, The light shrinkage is attributed partly to the quiet handling 
in driving and loading, and partly to the feeding of timothy hay during 
the last two days. No attempt was made to handle the cattle in such 
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a way as to secure a “big fill” at the Union Stock Yards, as it was 
desirable that there should be nothing to interfere with the normal per- 
centages of dressed beef in each lot and the normal relation existing 
between the percentages of dressed beef in the various lots. 

In referring to the above table it may be said that the most strik- 
ing fact brought out by it is that the percentages of dressed beef bear 
precisely the same relation to each other as do the gains in live weight. 
The steers in lot 1 gained the most, lot 2 came next, with lots 3, 5, 4, 
and 6 following in the order named. The steers in lot 1 dressed the 
highest, 61.62 percent, those in lot 2 came next, with lots 3, 5, 4 and 6 
following in the order named. 

These higher percentages in the higher grades were not altogether 
due to any advantage in condition which the better grades had over the 
poorer ones, but were due partly at least to the differences in quality 
in the different grades. It is very doubtful whether lots 1, 2, 3, and 4 
were really in as high market condition as were lots 5 and 6. It is 
another question of course whether or not inferior or common steers 
are capable of taking on as high finish and absolute fatness as the bet- 
ter grades. 

It will be noted that the percentages of caul fat were highest in the 
poorer grades, being highest in lot 6 and lowest in lot 1. Again lot 1 
had the least rough fat, while lot 6 had the most. The carcasses 
showed conclusively that while the lower grades had the most internal 
fat, the higher, or better grades, carried thicker surface fat. 

While unquestionably the condition of an animal has great influence 
upon the percentage of dressed beef it will yield, quality appears to be 
an important factor as well. It could not be said therefore, that the 
percentages of dressed beef were low in the poorer grades because they 
were not as well finished, or in other words, not in as high condition 
as were lots 1, 2, and 3, for neither the appearance of the steers on foot 
nor their carcasses after slaughter gave any evidence of an unfinished 
condition in these grades. If there was an advantage in the condition 
of the steers it was in favor of lots 4, 5, and 6, which were doubtless 
nearer their maximum limit as to finish than were the better grades, 
lots 1, 2, and 3. 

The following table shows that as a result of feeding the 16 fancy 
feeders in lot 1 until finished, there was only one steer that would not 
grade as prime. This steer lacked slightly in quality, but principally 
in condition, and he graded as choice. After slaughtering, the beef. 
experts in Armour & Company’s city beef department graded all the 
carcasses as No. 1. 
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TABLE 9.—MarkeT GRADES AS FEEDERS, Fat CaTrLe, AND BEEF. 


Market grade at begin- | Market grade at end of ere 
ning of experiment as experiment as fat phe: grade of beef 
Ey Bee Eitiios after slaughtering. 


Lot Name of grade and Name of grade and 


Grade and number of 


number of steers in : number of carcasses in 
No. each grade, steers in each grade. each grade, 

Prime, 15 

if Fancy, 16 Choice, 1 No. is 16 
Prime, 14 

2 Choice, 16 Choice, 1 No. 1, 16 
Good, 1 
Prime, 3 

3 Good, 16 Choice, 5 No. 1, 16 
Good, 8 
Enola esiame No. 1, Light, 4 

4 Medium, 16 MeaaG 

edium, 8 No.2 T 12 

Common, 3 a ed oi 
Good, 5 . . 

5 Common, 16 Medium, 6 aly ; Lee 5 
Common, 5 2 pc 
Good, 4 No.1 Light, 6 

6 Inferior, 16 Medium, 6 No. 2 Topsj299 
Common, 6 No. 3, iz 


Of the 16 choice feeders (lot 2) fourteen finished as prime, one as 
choice, and one as good. All the carcasses graded as No. 1 beef. 

Of the 16 good feeders (lot 3) three finished as prime, five as choice, 
and eight as good. All the carcasses graded as No. 1. 

Of the 16 mediwm feeders (lot 4) one finished as choice, four as good, 

eight as medium, and three as common. Four of the carcasses in this 
lot graded as No. 1 light, and the remainder as No. 2 tops. 
' Of the 16 common feeders (lot 5) five finished the test as good, six as 
medium, and five as common beeves. The grading of the beef was the 
same as that in lot 4, namely, four carcasses graded as No. 1 hght, and 
twelve as No. 2 tops. 

Of the 16 inferior feeders (lot 6) four finished as good, six as medium, 
and six as common. Six carcasses graded as No. 1 light, nine as No. 2 
tops, and one as No. 3 beef. 

Both this and the preceding table illustrate forcibly the possibility 
of securing reasonably high percentages of dressed beef of satisfactory 
grades even with low bred steers if intelligently fed to as high a finish 
as they are capable of taking. 

The records of this experiment all emphasize the great economic 
importance of condition as a factor in marketing and in determining the 
grade of beef. It is possible that we have not emphasized this factor 
enough. Perhaps in the campaign that has been waged to improve the 
quality of beef cattle, condition has failed to receive the attention which 
its importance demands. This is but a natural result of confining inves- 


5s) _ Farrenine STEERS. 181 


tigations in beef production to the live animal. It is safe to say that 
there are more differences between the well-bred steer and the mongrel- 
bred feeding steer when on foot in the feed lot than there are after they 
are fed to a finish, slaughtered, and hung on the hooks. 

When fat-cattle prices rule high and there is a tendency for the 
prices for such cattle to advance, there is a wide range in values between 
the highest grade of beef cattle, namely, prime steers, and the lowest 
grade, common rough steers. In other words, a premium is then paid 
for cattle possessing prime quality or a high percentage of beef blood. 


THE FINANCIAL ASPECT OF THE EXPERIMENT. 


Many feeders will be interested in the following financial statement. 
This phase of the subject will be discussed from two standpoints on the 
basis of: 

First, a steady or stationary market, obviously the one which should 
be looked upon as a normal one, with which other market conditions 
should be compared. 

Second, a falling or declining market. 


Cost oF FEEDS. 


The feeds used were cracked corn (prepared by running ears through 
an ensilage machine which cut the cobs up into small pieces and 
cracked the corn), corn and cob meal, cotton seed meal, old process 
linseed oil meal, clover hay, alfalfa, timothy hay, and corn stover. 

These feeds were valued f. 0. b. cars, Champaign, Illinois, as follows: 


Cracked corn and corn and cob meal... .*$12.00 per ton 
ISHS ToT NAG EN se 24.50 per ton 
PE ReIEISCOCU GO)! [NGAI ilo. cm ase. = e's 25.00 per ton 
Peete y ee yma ee lc a os. 8.00 per ton 
CENCE Bo Meg li eee a eS 10.00 per ton 
RM Wenn ies argh obs pi ahbe gid dois aed ste 12.00 per ton 
Mere Meee toad Pye ote, Sides cade 6 el ne 3.00 per ton 


From the time the experiment began until the evening of February 
15, the corn used was rather soft and chaffy; it would be called very 
poor in yuality and not well adapted for securing large gains for amount 
consumed. For convenience, all the corn is figured at the same price. 

No charge is made in the financial statement for labor in caring for 
the steers, interest on the investment, or for bedding, nor on the other 
hand, isany value assigned to the manure made by the steers. It ‘is 
believed that the manure would more than balance these expense items. 
" *$12.00 per ton, or 35 cents per bushel of 70 pounds plus 10 cents per ewt. for 
grinding. 


2 
* 
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FINANCIAL STATEMENT ON Basis oF NORMAL OR STATIONARY MARKET. 
Lot 1, 16 Steers. 


To 16 sen Hy 14 953 lb., at, $4.75 per weg ce ak eet eee oe a ere $ 710. 
26.447 tons cracked ‘corn, and corn and cob meal at $12 per ton...... 317. 
1.914 tons cotton seed meal, at $24°:50: per:ton ee, oe a eee 46. 
1.358 tons O. P. linseed, oil meal:at $25.00 per ton...) 2.4. ee 33. 
3.885 tons clover hay, at $38.00 per ton 0... 1. oe. eee 31. 
5.500 tons alfalfa, at $10 per ton] ; 2.32. . ee oe ee 55. 
2.810 tons timothy hay, at $12 per ton............. bo Se ot ee 33. 
845 tons corn stover, at $3 per’ton.. 7... fai se ae sie ee ee As 
Freight Champaign to Chicago, commission, yardage, feed, and other 
EXPANSES 2 Gell lths wiehuingy Sie gw ebe = Galele Doctape eee en = 40. 
Fotal éxpenditures. 7.3 /-.5. «than nw a te $1270. 
By 16 Steers, 20-960 lbs at $7 per Cwt 7 eee $1537 .20 
By 419 Ib; Pork, at$5.7a per Cwh oe. ee ee ee eee 24.09 
Total: receiptacca ics fe is; ee eee ee $1561 .29 
Total expenditures’. 9,-2.0. ae eee a 1270.81 
Total gain’ <°.s.. ote: a2 Fe oe oe ene $ 290.48 
Profit. per steer oon 2250 pe eee oe ees ee 18.155 
Lot 2, 16 Steers. 
To 16 Steers, £7,836 lb.) at $4.55 per cwt.v (04... <1 )c > 5) nee oe $ 811. 
31.983 tons cracked corn and corn and cob meal, at $12.00 per ton... 383. 
2.270 tons cotton seed meal, at $24.50 per ton..................35: 55. 
1.692 tons O. P. linseed oil meal, at $25.00 per ton ................ 42. 
4.503 tons clover hay,at $8.00 pervton, =. eee oe eee 36. 
6.769 tons alfalfa, at $10:00 per tom.~. .4 J. cu. < oss ee 67. 
3.281 tons timothy hay, at $12.00 per ton... 7. 2 Jen ae ee 39. 
.845 tons corn stover, at' $4.00 per ton. 2... ...05 ack ean ee aa 
Freight Champaign to Chicago, commission, yardage, feed, and other 
EXPENSES. 5 yi. 5 ocshsce ns'Sps odoual ots. Teles ausecie aaa ate ed alee teen ee ee 40. 
Total expenditures "22 Wikis tas eee ee $1478. 
By 16 Steers, 24,650 lb., at $6.90 per cwt. ................ $1700.85 
By 500 1b. Pork, at' $5.76 per cw... ser eee ee ee 28.75 
Totalireceipts... a... e see ee oe eee $1729 .60 
Total expenditures “ns ac ee ee eee 1478 .88 
Otel; Gain cis Sour a, oe ene eee eee $.250 (2 
Pront ‘per steer, 0. ot ae yee ee 15.67 
Lot 3, 16 Steers. 
To:16 Steers, 16,305 1b., at $4.20 per cwt. a....5 sas a $ 684. 
29.335 tons cracked corn and corn and cob meal, at $12.00 perton.... 352. 
2.066 tons cotton seed meal, at $24.50 per ton .............00..00- 50. 
1.530 tons O. P. linseed oil meal, at $25.00 per ton................ 38. 
4.372 tous clover hay, at $8.00 per ton. ..7 5. .427.4....- 05. oe ee 3 34. 
6.109 tons alfalfa;-at.$10.00-perston).3;ua ne ea 61. 
2.999 tons timothy hay, at, $12.00 per tons s.5 se ee ee ee 35. 
.845 tons corn Stover, at, $3.00 per ton}. 2... fo. eee ne ee as 
Freight Champaign to Chicago, commission, yardage, feed, and other 
EXPENSES 5h Vs.) Sin tay bees suns ore Venues ct ie cevonetor Oia Neesc eeten elie tase 40 
Total expenditures 3s s4...6; sea). 1 ee eee $1300. 
By 16 Steers, 22,480 lb., at $6.50 per cwt...7........5.... $1457 .95 
By 475 lb. Pork, at $5.75 Der CWl. San. ee REE Pan ey- 27.31 
Total ‘receiptes 20 t ae Se eee $1485 .26 
Totalexpenditures 20", fc een eee eee ee 1300 .30 
Total. gains). Se ceecs eg vee ee eee 3 184.96 


Profit per steers a. iota Skee oe eee 11.56 
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Lot 4, 16 Steers. 
GEO cotcets.c1 0, G00. ly Al aa SOU DER CWliy will sy. eis + so cln nase cued os $ 629.67 
28.651 tons cracked corn and corn and cob meal, at $12.00 per ton... 343.81 
2.069 tons cotton seed meal, at $24.50 per ton ..................... 50.69 
1.470 tons O. P. linseed oil meal, at $25.00 per ton................ 36.75 
#:4\0 tous clover hay, at $800 peritou 266 2.0.6 y a i ek es 35 .28 
SUGIMODS ALi alia tata wy O.OU IPE LOM ayy sgich oie ual sic als i passe aig btw 59 .69 
Bre le PONSALIMOUNY DAY at Olas) Pel LOMe:, 22s’. 6 sce ed os ee se ese bn 35.77 
PSdo.LONs COMMBtOVer. ab go-UU PCb LON nae. 5 cee ede ccelnes 2.54 
Freight Champaign to Chicago, commission, yardage, feed, and other 
CSS SIE Be eae cee ERA ates ts TAT eth ee SOR eae an 0.00 
pO LOIwGx Peri tiiee are ie cea terrae, Seaet nee ca! wis 's hr Vicars $1234 .20 
By 16 Steers, 21,980 lb., at $5.80 per cwt................. $1274 .84 
POCO D SOL Ke AL abocl O Der CWheas o.8 Louies «Bee Le el 2 29 .90 
PLOW T COLORS (erage re ta cele ER aie 5 $1304.74 
Motalbexpendituresi2 2... 470i sei. Ach Selene 1234 .20 
A Bay AW i aa aly ou So Nani ea ae Ua ed ar $ 70.54 
COU Der Steere ati us Lee: 4.41 
Lot 5, 16 Steers. 
Por tovsteersato,458 1b., at $3.60 per wlio. ook ok ee ae oe ee aes $ 556.49 
27.204 tons cracked corn and corn and cob meal, at $12.00 per ton... 326.45 
1.941 tons cotton seed meal, at $24.50 per ton........4.........0.. 47.55 
1.409 tons of O. P. linseed oil meal, at $25.00 per ton.............. 35.23 
apo. tous*clover bay, at $8.00 per tones. ts a... esse cas a eee es 34.66 
De cole OL Aualin Days au plLOOU mer tOM ces cee eyes ec ee a we 56 .62 
pool tone ol timothy hay,at $12.00 per ton... i408 ....¢2 04.6 cee ees 34.57 
aL O0s, COTM ce LOVELr, Abia Pel tOliass ycyi sh oh. iS. Fae eed. os 2.54 
Freight, Champaign to Chicago, commission, yardage, feed, and other 
BESO EIS 1 poo tei Tide hay lem ONSEN OC NP RIN oh i Me aa 40 .00 
AMES SARUM AE eR <8, ees SO OCs oe ee eer eee $1134.11 
By 16 Steers, 21,370 lb.; at'$5.50-per cwt.....6.0..... 2056. $1175.35 
Perec ADs Vork, 3b, $0.7) Der OWhe mnie ba eee be ess ee 24.15 
LL Oval RECON Cetin tas nn eh ee ike eee le tiles. $1199 .50 
Total expenditures ........... OS als ota aang 1134.11 
PEEL OB PATIL See aa ene eertrd sete Oe ed Sahn © aes $ 65.39 
Pan OMt ts Oe OCL Bre en ve Sees trity seid phe Sosy 4.09 
Lot 6, 16 Steers. 
We 46 Steers, 15,448 lb., at $3.35 per Cwtin oo... cee ee nied eae eee $ 517.51 
25.801 tons cracked corn and corn and cob meal, at $12.00 per ton... 309.61 
1.871 tons cotton seed meal, at $24.50 per ton...................-- 45 .84 
1.311 tons O. P. linseed oil meal, at $25.00 per ton.............004. 32.78 
PPA ONScClOVET NAV, Ab OO.UU) DEF GOD... suis occ ace oma he 22 ois 33.06 
ee oletvous alfalfa hay. at $10-00 per-ton ye ou. 0.6.7... ee ea ee eee 53.61 
20S8o,tons, timothy hay, at $12.00: per toni, .. 2.5 06.5.6 92 eee e 35.80 
45 LOns cor stover, ab 3.00 per lOH.>.... 4. cies ee eee eee ce ee 2.54 
Freight, Champaign to Chicago, commission, yardage, feed, and other 
Gx eUS Come re ais ee ci Souk tots Soden sig, wore © Ab ace Sceehs Oe Why © 40 .00 
OPAC DCUUILUITES: hat ee Nghe tree ee Nted ee rele as Sew wees $1070.75 
By 16 Steers, 20,940 lb., at $5.40 per cwt........... Bde cree $1130.76 
Pere SOL AGO, 129 DOTLOW bat ax se Aer dighos 5+ eon althage clones 27 .60 
PL OVAL POGGIO S Rr ter Seed Aaa nailer es vies eee Ox $1158 .36 
Ope Ie SDENCIUULTESE: her Rot arco Aes, Boe hk aisle 1070.75 
ST OUR ENO ALTE Nip We Es Oden Se, Ena cela crnn tucee Givin tos Wain d $ 87.61 


Profit per steer .......... ie ale ale AMS : 5.48 
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From the above it will be seen that under normal conditions, that is 
when the market remains stationary, the best grades of feeding cattle 
return to the feeder the greatest profit. So striking is this fact that 
in the preceding financial statement the fancy feeders, on the basis of 
a stationary market, would have returned to the feeder over three times 
as much per steer as the inferior feeders. It is well for the cattle 
feeder to consider the factors which make it possible to make such a 
showing. Such a favorable showing for the better grade of feeding cat- 
tle could not be made if the margins between the price of choice feeders 
and prime steers were not so large as those between inferior feeders 
and common rough and medium steers of the beef cattle class. 

Profits may be realized on smaller margins in the finishing of the 
better than the lower grades of feeders. With the higher initial cost of 
the better grades the cost of feed becomes relatively of less consequence. 
This being the case it has been found to be almost an invariable rule 
that the higher the price of feeds, the more sure are the better grades to 
return to the cattle feeder larger profits than the feeding of the poorer 
grades. When the cattle market is in any thing like a normal condition, 
the margins are as great, if not on the average greater, with the better 
than with the lower grades. 

Tables 11 and 12 will be found of unusual interest to the student 
of the cattle feeding enterprise. ‘These tables show the financial status 
of the various lots at the end of the first fifty-six days and every four 
weeks thereafter, except in case of the last period which was but eleven 
days. It will be observed that this statement is made not only upon the 
basis of a normal cr stationary market, but also on the basis of an 
abnormal or a falling market, such as obtained during the winter season 
of 1902-1903. It is thought that a statement at the end of the first 
thirty days would be of little value, as no one would seriously consider 
marketing cattle such as were used in this experiment, at the end of 
thirty days’ light grain feeding. In the several columns in Table 11 is 
recorded the cost of the steers in the various lots up to the dates as given 
in the marginal columns. This cost includes the initial market value 
of the cattle, the cost of feed, and the estimated expense of marketing. 
These items are entered separately that the reader may determine for 
himself which are items of greatest importance in the various lots and at 
stated intervals during the progress of the experiment. 

To make the financial statements of the several periods comparable 
in the following statement, it was necessary to use Champaign instead 
of Chicago weights at the end of the experiment. This explains the 
apparent discrepancy between the statement of profits shown on pages 
182, 183, and 190, as Chicago and not Champaign weights were used in 
computing profits shown on pages 182 and 183. 
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TABLE 11.—FINANCIAL STATEMENT AT DIFFERENT Dates on Basis or BotH 
CHAMPAIGN WEIGHTS. 


FALLING AND STATIONARY MARKET CONDITIONS. 


MARKET PRICE 


Financial statement end of DISBURSEMENTS. hae ou RECEIPTS. 
55 days, Nov. 29, 1902, : : : - 
to Jan. 24, 1903. Fons Falling. ie Paine. pi deeese Falling 

Lot 1, 16 Steers. 

Tey Lessee Oprah hh Lae VET A lcs costs wi tVicrss x cre os | avec ek sets eeck cs 
eC OO O88 vets. ao Dae COMM Oe Ae Oe oe oo Sch Sed « Siatsd af oay Albee 
Preieht- Che, 14.0 oa. UG mE siete cine 2G tied a docs. pet. facet. Eee 

US OULS 2 UN) gia 6) 2) ae 8 aes id ie near $5.25 | $5.00 | $857.85] $817.00 

bE Gree 1 6G ple Ea Bk eR ay Fo oe ey ne ces el 6.04 6.04 
Beer ety Oty LOSS yn et he eee pee! 20 o lier -cieky tad! Var Yalecsu | odes e oes 51.52 
BMD ALY AUAL KCL. LOGSeh jorron ee vie sila eter fae oie Ra cs ws we LOST Meanie 

YC es PCN See eee 874.56] 874.56 

Lot 2, 16 Steers. | 

eam tls AG pay ie POs esl Od ee at a te slow cc eee ale vc cess 
Beed,-06 days 5:2... (es he (TES des Fo cs ad gl en eS 
Prejent, ete.ae. Jes ..5 BUR ME Se fe ati. 21 Ac ie adel lots oot an 

Perla beet etal ae act tats v2 heres 5.10 4.80 976.40) 918.96 

NRL ae A ag GE Scat ae Lees eal Roe a ae 10,93[-. 10-93 
CS Pe GES OR Ee cel eet hg ea ae ee 65.79 
eOTINEY ALICE GOR et eas. ashy. tt Me eabacaeeee «|e. de ee os SSO]. ia eee 
TE USAT ORO OR 9! Rae da cea ee 995.68] 995.68 

Lot 3, 16 Steers. 

Plo bho ps2. .| OSS SLi; 684.81. bar. poe be eu le een ue 
Feed,-56 days ....... NDC CLAN StI Sad. 9) pose (eat ie A an (Re we ee ier he 
Freight, eben... 22. <. ALO ee et eae Losens sic ow ofl SSE TEL Gg 

PM SOU GUCCI oiled lack: sectolelals < oe-ous « 4.60 4.40 798.10) 763.40 

CEUTA sd Se MP cere Sn enn Oe 7.48 7.48 
rare Orme ee ee ae si ir boars Vas oc | sede ves fee ae hcl. 91.49 
emer vane tice) lOSte nr GA ro cfrtes ods Lid enews he osoe sh OGY7 OMe 
RUZ el aeOUa Di loe gees Se leN been. 862 .37| 862.37 

Lot 4, 16 Steers. 

Deere spk aie somes O29 700) O29 6760. is Gelso. da dsl Skoda oncle cece ces 
Feed, 56 days ....... POonU uy cere eh eh Ale legume . vf oak eae 
Preght.etho.. cee. Atlee Meme SE) POLE Sem tek EG ee a aie Latte anh ts «Piles oo a's 

MN Cee Ler Ts ashe gS Nate eek ops - 4.25 4.15 732.06} 714.84 
US DLT SR ate ace Se GO FS pel ne ie ea ee ce 9.20 9.20 
OM Ae Or Baie in io hic OA cola ds Weed ook aoe dle 4 oN AIS of abe wleeare 8 80.65 
Retest ATM COMEMERSLOSH fo Gate tc cto s cde |p vd ewe ds fe ee 2s eS G3 ASizan eo ee 
PUA P OOS ar OU ee. Pte SL ne dss 804.69} 804.69 

Lot 5, 16 Steers. 

Ptr Agi en ee DOO 74 9P ONO CaO leo nh ae |e ae «Sil Sarees [Yaa a ced 
Feed, 56 days ....... Psy it OE Oe Mist et ONS oe wigs aN la aetitas BPs obPch aece 
reight,;etc..... 0. 40 .00 ADM PE RE is 4 gal tale aad a NMEA To che 

BUENO LD DCCL. 3.7.8. tok oe hohe baa ee 4.10 3.90 668.51} 635.90 

ACTIN S TR Fea. ERS (Ook 3 i loti ik uk re anaes Saar eres ar eee 7.48 7.48 
(LLP SEDERCS REG VE Se Se ae, aac ge as cle nce 04 (era Crain MPa Fare ae 84.08 
Diacionary market, loss..|../-.5..|...... py oh aR REN RT erat SUSATH ae reas 

LAIEAD ee Ces LO GAR een, 2 ke 727 .46| 727.46 

Lot 6, 16 Steers. 

Bet ee eat Goose: CLP OL, OLE OLY oo eS Se eu cataidyad alas | CivGulee. 
Head. D0 GaYS* 5-24.41: - ZUG SO aL 2O tee ie Pere carey ON eo) een Se oa 
Pereimnt, ete. 2s os... - AQ OU pate 0). Oe Sy zee aval 5 tte hs ok qceias: Petrone ae 

C1 AGS peal aS 21 eee a a (ee 3.85 3.65 636.98} 603.89 

oS Wises e@h a 26" Oe 2 ER ae ass eres (a ee ee 6.61 6.61 
EE Dre OER ete Pele ohh chien. fs Ne, lose caleke oneal «dh | « Wie ona cS 4 75.90% 
Be mAT INA Kee LOSS. os... 20 pee aie [sale eee fe ste ow 40281) 0. ata 

684540) G84 AO eal i ee ek. 684.40] 684.40 
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TABLE 11—Continued. 


M ~ 
ene Tt een = we, pa 
. o : n- : & A 
to Feb. 21, ee Falling. ee: Falling. a Falling. 

Lot 1, 16 Steers. 

To 14953 Ib. at $4.75...) $710.27) S710 227) 50. hens. ee ee 
Feed, 84 days ....... 2163221 ~ 216 22 se aistl ne gee dees fale een 
Kreight; ete=... =; ss 40.00]. ° 40200] .. 2 G52 be a. see | oy ee pe ee 

Byi7095 Jon beer ons) at we eee $5.55 | $5.00 | $982.07| $884.75 

T8b 1b pork. cc's cae] 2a 6 hie. ok lous ke Seeger eee ns ec 10.64 10.64 
Falling market, loss 500) 3... or] ees wa yes i erie tet ee 71.10 
Stationary market, profit]. 26. 220 css ye Wake eid cee fol last ti oe 

9927.11 2066 AO | ore ee Aer Si oe 992.71} 966.49 

Lot 2, 16 Steers. 

To 17836 lb. at $4.55... .| 811.54 811.54) 0 07.4..8. 0b. 22 oa eee 
Feed, 84 days ....... 2501).94) °° 250.946, 2.22 2. le nd ce. y | on eee 
Freight, CLCo er Le 40 .00 40.00) oo ent). sed. oe ee 

By S0A00. Ub: beet acer: to* oe tenon ene 5.55 4.80 | 1132.20) 979.20 

BSH [Bs POLK fe ose eet Be erect fae oe RL ee pee 16.38) 16.38 
Falling aket loss" Heth eee a as oe ce a | 2 see ee 106.90 
Stationary market, profit; . 46.10). 05.8 becca w]e oe eee cee 

Oe | 1148.58) 1102 48) oe pe | 5 SS ee 58} 21102 (AG See eae ea eeeae 1148.58} 1102.48 

Lot 3, 16 Lot 3 16 Steers, lL ee 

To 16305 lb. at $4.20 . 684.81) 684.8110. 0 vo). e8, oa ee 
Feed, 84 days ....... 234.44) 234 .44b Pe [acs as ioe fae ee 
Freight, Clee. asters 40.00 40.00) 2681. er 

By 18495ilb:-beel eos oe aed ees oe 5.10 4.65 943.25] 860.02 

220 lbeiporks Shes eee oe ec i ee ae eee ae 12.65 12.65 

Falling market;loga’ ys. 4) 2). ois | Gen Glee cae ee ce 86.58 

Stationary market, loseiid sue. ese ee eg eee 3.35|/ 0 Peas 

eo. 2) 959.25) 950. 25). ie alee | oe 

Lot 4, 16 Lota 16 Steers. |. le ee ee re 

To 16355 lb. at $3.85 . 629.67)" 629.6717 neo 5 le 5 oe5 ne alee Sane ee 
Feed, 84 days ....... 231.38] 231.38) 0a ee, er 
Freig ‘ht, eben: ea leae 40 .00 40 OO}... 22]. are od cel ppt epee 

By 18190 ‘Tstbeef 5.8.) eee ee , 4.65 4.50 845.84] 818.55 

255 [be pork. 2cn0) . Pci i Bakes einen alee arses ee > enema 14.66 14.66 
Falling an ean loss: Sesh oang Cate Ok ows eictaeene eae e 67 .84 
Stationary market, 1089 3.2 | eoig’s cee le) Feree eeaa mee [ote Oe 40° 5S See 

VOLPOSh BOUL OSP, se eee Pee 28 e901 05) 901 05}. nL OT 901.05 

Lot 5, 16 Lops 16 Steers) te ee I 

To 15458 lb. at $3.60 . 556.49) 656.4907 
Feed, 84 days ....... 222.29) 9222 20) oo a alin. tae oe ee 
Freight, Clls heh akon 40 .00 40-00) 5) Soe Sse os a a 

By. 27305 by Deel”. Sa esl al eee Se 4.35 4.40 752.77| 761.42 

ZLO Hb ports 0 Vato a Lenses chien ner sla oot Ae eee ney Seca oie 12.08 12.08 
Balling market, Oss t..0i\,< 01) cea a eee @ tie seh ss el ge gchar 45 .28 
Stationary market, LOsSte var ok tel ee cick O01 e Rune Oe aoa eae 53038) 735 oe 

SiS SSeS 1S SS ee eee eee 818.78 ee eh 818 78) 818 8) a) SS a 78 

Lot 6, 16 Steers. 

To 15448 Ib. at $3185 .. 2) °. 517.51): 517.81) ee ln 
Feed, 84 days ....... 217.90) 2217.90) re), oh «ee io ee, ee 
erelghity OC. 1m beams 40.00) °° 40°00) 02 0a). i ail pn ates et 

By 17375 Ub: beak Sentai pe een) ewes 4.35 4.40 755.81| 764.50 

205, 1b. epork os ceit | eee Llu eee hae ete ies ee ae 11:79 11.79 
ptationary, market, loss..\ 2/0. A ee a Lee ee | ere 7,31). oo 
Falling market, profit...}........ ots] ey EO re ae 


(REP SRY HA eo a ee 775.41} 776.29 
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TaBLeE 11—Continued. 
Fingneial statement end of ene en CWP. ayer 
to March 21, 1903. Shirts Baling: age Falling Bost tae 

Lot 1, 16 Steers. 

Mela ves Aue ee clei TO, 20 el aetls. ok cull, 2 ok oc let cube ale oc aed oo 
Feed, 112 days ...... UP aad eted oc DTS EE eh See A NE Le ae ae RR Di Sonia 
Wreights ete si 2? eAUTI G10) TS ae hd Anes botany Be ae mats SOOO © 

OOM LEs. ORL Peds lode «os wal cia id cise $5.90 | $5.20 |$1118.35] $985.66 

ae EE RDP RRR e ciel Pn ene ears aoe ihe we on 8 oly 4 cs ne 8 14.38] 14.38 
ON GLE TTS WS og UIE ga cy i oe Ee 28 en eer | ee 53.21 
Era OUnMat ee DIMOU se Pca S ee me ie kts ss fy hea ce sts eu ediees 

HUE ODE! CONS nbs) ieee tee eel Sete sen eee 1.132, 73)-1053..25 

Lot 2, 16 Steers. 

To 17886 lb. at $4.55 .. SY eg AM 76 1) Od lla ee a ne ae | ely 
Feed, 112 days ...... mi WAS) E) Conese WA poh rei Uae aaan) ean PERS, ime 
Preight C66. oo ioka. 5 AU eee OU er Meter es cr S| inact ale eae Goes 

Byes (Sarl Dret c is eee la meee ile waht: 5.90 5.05 1275.88} 1092.06 

Pinas ANT eh 9 teen Ran cop Ooh VAST Na oe ee ea ae le (ean 18.11 pled are 
re erent eter ea ee er re ee ee a lo slang Pas e doth url ashen a > + 96.36 
Stationary market, profit lee Cage nm Ran hates Snes to fates ce. wot ws att 

LAE U1 2 8 exci | ae el a a: 1293.99} 1206.53 

Lot 3, 16 Steers. 

eLUi at weer, oP. Oe Oly Oma Sh leiGn owls sce ks ube acvaide a nbs orn acle es 
Feed, 112 days ...... ee aC Salter Po CMe NO ele pra dob Dae iae 
Freight, ete:...6....4 40.00 AY UMMA hesoies 13 22 os, 2 ace wilt gle: AR Wea Reh he 

By 19615 Tb. Deer Preven cle Sartte. vie stoke 2 5.45 4.75 1069.02} 931.71 

Da Maree eee nna eer et ee scsef's oe ook 2 alee es cv os 16.39} 16.39 
Perm ripecia et AOCGme ey fe ae he ere Sos ode lola slags ¢ Ute o sidia nit cl ececels,e oa s 105.73 
Stationary market, profit lem i meen eee ee eT oo. ce Peed So 

ee fe re 08241) 1059) Solicit ce}e ese a se ofo 1085.41). 1053.82 LOGS ol anmbarta de hera-aaitisen 1085.41) 1053.83 
meee te eo be pt Pe ee 4, 16 Steers. 

To 16355 lb. at $3.85 . MD ae, OL ce athe? eat el esean 4 9REIS sea ad & « 
Peed, 112 daysw ess: Bee Ae re Ray el eb cist eels wT g [et Bie» S staiy s linda 4 ad ct 
Freight, ele ease 40.00 AON er A oka Pn ee eae OAT | Oe Se 

Pere eet Cel er nn ee de aag o She lars ones s 5.05 4.65 980.46} 902.80 

Ta iy, jee Ce ace ca YS SERS 7 oie den ead (aera 17.82) 17.82 
ee Liem at Ot en Gre amenerey here Peer EES G0 a hala clas lad bil’ oc stmae ain 4 anacedecerae > 75 47 
Stationary market, profit CAL Meee the aan rare ca kos hte a dees 

Lee ee 200 ON ras er ele ois cat 99S 20} 298.09 BU OO ies ral end cs sa ae 998.28] 996.09 

Lot 5, 16 Steers. 

To 15458 lb. at $3.60 . FTA OR TAU cma’ AE crue it Bo] a nieie) «-fm|'o eB maou 
Feed, 112 days ...... LOB AOU Meh sL erat ere natin Oh, oo a Pele akc enemas fe, aon eee 
Freight, CN Be se ie Boe 40.00 215 A 18 li hg, atid a eet cag Ce eie See pare See welt 7 

ROMER SOH ADCO 0. so cdl aor ahi'n ssc] ececds be 4.55 4.50 842.66) 833.40 

SG) DMs (Cd hale zaps ape NR, ease ALA RC (ik anne (Peas ea 13.51 13.51 
enriare aCe BORG erro tara. Sih iyi care 4 yw ote totain of Mica. nic Fsueni| Sioneieenca. vi 60.07 
Stationary market, ests JE) ae ra eae | se eee Pars Oa Seren eve ere 50 [SL e enor 

DUG OS OU GOR. Beir shies Ppoceaea erent 906.98} 906.98 

Lot 6, 16 Steers. 

To 15448 lb. at $3.35 .. SL Dect Meas den ee ea ube oie hole io aoe caren pial Gomis ia an eee 
Feed, 112 days ...... Uo) 1 TEESE | aa SRO aac MRO Wie ee =n Per? 
rer bt, ete: «6 icy 40.00 7 TO BN Ga ee ah ell Se Seed Beet AMR, Pe A er, 

Peery COE Sd, ews re ol coe 9 Bose 4.65 4.50 853.74] 826.20 

UE E OTR Tt Shee shits eka Meer ek tc Soe Maileligeer ao mse deat whos Sed 13.80 13.80 
Falling ee Len Vee ewer eee etree cineca ha atl ere alia gh RE tg 19.95 
Stationary market, profit i250) lane eee eines Penh ach ee ha, ae ioct sto ice oe 

| SEY a OA eee et) ee CIV caliber oecripmb ire nal ccpceouk 867.54] 859.95 


188 


BuLuetin No. 90. 


TABLE 11—Continued. 


| December, 


rrr ree rie emit ee 
to April 18, 1903. Saat Falling Sipe i Falling. og Falling. 

Lot 1, 16 Steers. eM ree Dias eiGinti caer) 

To 14953 Ib. at $4.75 ....| $710.27) $710.27)... 40 ce].2 5.5 Salsa ee 
Feed, 140 days ...... 390.46) 390. 46h. saw des oc cet | Seccee le heneee 
Kyrewht ete. sas, eu 40.00 AQ OO). o ciccte ag] so oo we ee 

teeter Le CCL aan: sr te tue Guan eaten $6.25 | $5.40 |$1267.81/$1095 .39 

SV ATS Lo oR ecole cheb inmate ape 7 faba BOR C) MAGR Wiper ic) ead a eh 18.69 18.69 
Falling market, ‘loss. 5 ij). Fnac. a cee ie oon fe eee ee eee 26.65 
Stationary market, profit) ~ 145377). 2 222 ee eels open ieee ee 

1286. 50) 214073 tan corer ene as 1286.50} 1140.73 

Lot 2, 16 Steers. 

To 17836 Ib. at $4.55...) 811.54). 811.54)... 0 4 lew... ool ee 2 
Feed, 140 days ...... 468 .30/- 468 301. oo als cae che cece bee 

POPE CIPI CUG Wace cae AQ.00) 40:00). Sole ose. lo cee aes eer 

iy Dee (oil. heat) ma ae ace age toe ean ae 6.30 5.45 | 1466.33} 1268.49 

BOO Lbs POLK «uch Leche aioe toeid ake ee ene eh eee neuer 21.85 21.85 
Ealing market, lose ss i Paso, aki oe coe oe ae a oe oe ee 29 .50 
Stationary market, profit], 168234). . 29.2 weal see ce | 

1488-18) TSI OER Aa nea eee 1488.18} 1319.84 

Lot 3, 16 Steers. 

To 16805 lb. at $4.20 ...| 684.81] 684.81). 0 Sassy oe) ee 
Feed, 140 days ...... 431 ,97| ABT 97). ns rien: 2] eee alle 
Preients eter rete: once AQ .00)* (1-40 OQ) ee cool oa eae wn a 

Bye 2 2160 lb: beel- is cise eee eae 2 5.95 5.15 1259 .02| 1089.74 

BAD POrk’ s ..< sc anmdk es Gees cee wee Lalteds Ton ee | Pee eee 19.55 19.55 
Falling market, loss “4.0 52S ae oes bales nae ee een ee 47.49 
Stationary market, profit)’ 121779) 0... 2. 2.2) soe a i nae nee 

1278 UD TPL SO Ria ae ae eae 1278 .57| 1156.78 

Lot 4, 16 Steers. 

To.16355 Ib. at $3.85 ...| 629.67). 629. .67\0. on. ele) os = co eee 
Feed, 140 days ...... 427 .20(" AQT 20) oO. aye wis tices» star fo oe ee 
Preiphts ete... 22.0 40.00)" 40.00) 0. eu. ta ss os oo eee 

20545 lbs beef. . 2o5.1)so5 » oa eee oe 5.45 5.00 1136.05] 1042.25 

OO DE DOT Kas Macc sical Sdiy ete cee eg noe eee ee Mae eae ey 21.85) 21.85 
Ballneanarket, l0set".',1i.b0 icc oss laele cea rot oh ene oe coc eee | ee 32.00 
Stationary market, profit B61 OBI. Sisu ed Le Rags | Be She ce Lo ee tee 

LIA 200) 105085 Tere eee eo 1157.90} 1096.87 

Lot 5, 16 Steers. . 

To 15458 Ib. at $3.60 .:.| 556.49]. 556.49)... .....).......]. 03. «, onl) eee 
Feed, 140 days ...... 404.63) 404.63)... nc. adee> ee ec he + os oft ane 
Breisnteetca ars sre. 7 40.00 AQ OOP! 20% cee ab nw so ee lels tie age ee 

Be AUS A DeGL? Aka hee ie ate We ieee 5.15 4.85 1035.41} 975.09 

P90 ID POLK othe. prea wees cots Fo tek ne A eae ees eee een 16.96; 16.96 
MALLITIO MATKEGY OSS TL ce Ve epee Mire aes | cee geil ie Te ante ae he 9.07 
Stationary market, profit BLD s ih Aaa hee see cat tee ae a 

L052 37) 100 bs 12a een ei 1052.37} 1001.12 

Lot 6, 16 Steers. 

To 15448 Ib. at. $3.35 ...{ 517.51) SLT. 51). ot el aos os oe ep te 
Feed, 140 days ...... 390.32: 390° 32). oigas aalare<G s 2 a0] see eae 
Freight etc *s.., ¢ yank 40.00) 40.00) ooo. ghee ee 0) 

Bye 9025 lh: beef. 127 ke | vate. et ee eee 0.16 4.85 1016.18} 966.36 

2p Lol DOPK xg sd} dee ee ee] ow eed on ele ie el eee 18.69 18.69 
Falling market, profit... i). <2.0.—. Se 1 Pee ee Reese te 
Stationary market, profit 8704 oo. wire | at ek ee ee Soe we) ee oe 

1034.87] O85 05 ree er eeree 1034.87} 985.05 
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er nanan MEF et Cnn cess oicwiil sina) 
Bian ae DISBURSEMENTS. cece gt abe RECEIPTS. 
to May 16, 1903. pone: Falling. Station- Falline. at Ballin! 

Lot 1, 16 Steers. emer ee es et del te [aes 

To 14953 Ib. at $4.75 . COU vice POR DT ORS. co) pale 2 oly ik te iad |e ee (PR ae, 
Feed, 168 days ...... OOM CI Ee RC LIRC Peter he ct ln ts ots vine es 
Freight, Cle we ee ae, 40.00 POUR) one oeda hg ha ape ae ain, Mabon get ees 

By 21765 Abi beet Meta toe rae pias os $6.75 | $5.50 |$1469.14/$1197.08 

PSUN ea iid ope ctl 2 4 eee oped pat cee es ei PORT uae 
Pe arith <a eae oes) Net Re ak ee Da Re ea mee rh J ae 13.99 
Stationary market, DION och Ur eee cree hae ses he soca vs |Oeds pees 

PAO TEAR oRAT an eek em ad fe We eels aba 2aaras| sce ie el od 2 a |) 1491 45). 1238.28 

Lot 2, 16 Cok Ds SGA CS 1S Sa re ee ee ee an re 

SPOR COU LO eee Od re Pak Le detl ha 4) ag Bees oh sg la eu. 2 os eu fate « use = 
Feed, 168 days ...... ate RA UE ALE cot bode te d I Ieee tae ge RRR apc 
Prerght ete... 235 s..54 BADE OMS SU teed Ft ere Waris ces pPidag so ece cote toe 8m 

Rive Ly LU De Deel sne ee ie': we ares reponse Haye 6.65 5.45 1643.22} 1346.70 

JASE ay Warde ge ee Te | ein PS land Denk ea a, Oe 26.45 26.45 
PMEUIE AY CL MOSK oa el A res ure Se Glenn ce ahee sees oleae so a 61.43 
Sea onary Ate us Oru con 500 iano alpen ese. a bloc ee cs e|e cee eee 

LGOD8 07 (esate oS ee oe Ie ost ak 1669.67} 1484.58 

Lot 3, 16 Steers. 

PEt biel) glee POOF e Sh USS ac aie 6 ec lcatn «as vals cas gsnhs one eho « 
Feed, 168 days ...... Bue) rete) Gx ee, Bere ic ty oh ais. Sethe meas ¢ | artes 9 adhe 
Freight, etc. ......... BAM ESA eect ore es Os ss ells hie ak noms Lash cet Bons 

Severe LOAD OGL tos wot he oul Me oe bers ot bars 6.35 5.15 1423 35): 1154.37 

EVER Go DW es GS Oe Ae | ee eal (ade ee re 25.01 25.01 

Pet dte ITPA Te LemIOCRrEe ter Tet emir ahem Pars 8 nha Da rae bel otis oo 80.62 
eA SUM NICe ee DLO ei saatl hte 6 sanity Sa for cla w[oecics « s-bfe od t+ ee ctees tee ee 
EGOS SPL Wt Siete eee 1448 36) 1260.00 

Lot 4, 16 Steers. 

eer O ao Danis oo.8 oe 1 O20 Oil O20, OF, ein west ve ke ufos vas leben cemee 
Feed, 168 days ...... PAGAL Syd 1 Us SY ladle MARR ee me (AR ae bol ore a 
Freight; ete. i. 02...% es RMS CIS CIS eM cere ae Bia AA ES. nts noe Lear te weds 

Bove st ZOMG ADCEh fore al on oie cl edie < aes 6 5.65 5.00 1238.48) 1096.00 

eS ree eee eel Caen oe Sy eee gli 1S ig asdia eye] oe oe Sop 27.60} 27.60 
ePaNIS ie IT ice ePIC werner bee ae Vict ee hr ets etal vcd t ois) cacs a ea s.sues ees 73 .02 
BeauOary Mialeetunronties 00 f40leg cadre Qe ec] we ee en fee se aes 

ZOD His LOU Oslo kale che eo oS 1266.08} 1196.62 

Lot 5, 16 Steers. 

OSs LOW. sul OOSAD! © ODO 49s octet cde cole eew|'s + <n 'lee tle eau attee s 
Feed, 168 days ...... RUT Bh GW te 2 8 ee eral ie ce ona LAR et RR eR 
PCIE EUG. hie ne ox: AU SO imme, OU pian et tats Sat Aha eaten ks nal on, Sats aoe 

Pee VBA OGIO AF Pes nding tens ols Weekend olga i 5.35 4.85 1136.61} 1030.38 

eer LOE er ann el cee a UN e, ae (eg ke Sica 2] reels oe 2 20.41 20.41 
Pert are Get OSS ere Sipe te Sante fe RE ey BUS ne Waal re a od Glee ohie > +s © 45.74 
Oa UAL eNO Nie eg OU nd cy fe tien ie tninthe cere eyo 5 lee ee Pee ae ees 

de Oe s OU coal tbe ioc aiderans.c 1157.02} 1096.53 

Lot 6, 16 Steers. 

OMD42510. Aviporsde o  OLoOL NOt OL dyOlt cuba Glas silts < [ae mcs ots as hope 
Feed, 168 days ...... AO 200 ee Ad CaM eee oe a cero Stl oo tao ecel «a oat ete ae 
ereight, ete, ...5).. 2: OC mmCRAL) eOUY wack Ae ne First acai ari tars «il etn aoe 

DORE cu ao APP OCEE as i.ce |e ela ed pie celwtane © oes 5.30 4.85 1103.73] 1010.01 

DEIN KOE DOT Me Maree oe ols cetera Ee AE Lo Wek fos Pp tila ghetetes reais hn 9s 23.00] | 23.58 
Per CeLA PEL OSes oot elt Bat sk ie ca As ube Sacto, oan ee selects c+ ates 3.61 
ee IDeA kOe SPO RI OOC UU es oy eb. ee RU rely week oe oeed see Ce ee 
VIZ EOL BLOG eel etna oe be poabig ae Ne eg a9 1037 .20 
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MaRKET PRICE 
Fi ial miat t end of DISBURSEMENTS. RECEIPTS. 
179 days, Nov. 29, 1902, —— , 
to May 28, 1903. Speers Falling. pas Falling ees Falling. 

Lot 1, 16 Steers. 

To 14953 Ib. at. $4.75. ...|- $710 227). $710 27. Se ie oe we Sele ee 
Feed, 179 days ...... 520 (54) 520 54). o.oo hs eae o oes | tate eel St 
Freight; ete, 8 den vs > 40.00 AQ DOM. somite eels. oe Sak % 5 «one eer 

BY 22olo1. eek ao. + Baste see ak ees e $7.00 | $5.40 $1562 .05/$1205 .01 

ALO ADs DORK Medes Fo oah csr zen Oh teehee AL eee eal Cee ee 24.09} 24.09 
Patling market loss si.) el ct eee tes hg et ee ee Oe ea 41.71 
Stationary market; ‘profit! 315.33), . 1.2.1. 2 a Bede 2 eee te 

L586 014! 1270 Sire rece ce ee 1586.14} 1270.81 

Lot 2, 16 Steers. 

Yo 17836 Ib. at $4.55 ...|. 811.541 811.54). 2.0 0. 4i)2 1.2. cel ae 
Feed, 179 days ...... 627.34) 627 (S4). . os cos eles tos os ats onpeaee ae 
Freipnt, €tC. %,-/¢- a AD .O0) < 40.00)... ceca she oi Secu |e We eee 

i DA dp tg WO Waa 612) cs eer ia! eee aoe aha ace inf 6.90 5.40 1733.28} 1356.48 

BOUT Bc POLK % chee stoic tala wor er Em Cheese Seen nn Ae esas eee 28.75) 28.75 
Palliing-market, loss 94 lee tcicsce se [os Sen meee he oe Ree ee tee 0 eee 93.65 
Stationary market, profit} 283.15|,:.....:|:. a0... .sosae|. eae ee ae 

1762208! 14/8 SSi.2 tea eee 1762.03} 1478.88 

Lot 3, 16 Steers. 

To 16305 Ib. at $4.20...) 684.81, 684. 81)2.. 2... Sali... Va ee ae 
Feed, 179 days ...... 5715.49). 575.491, . g54 pale A. eo sds ope 
Brerghh. Ob, tice 2 on 40.00 40.00). i. 4c aj) ects as 6s noe 2 ees er 

ByyesU lib, DEGL<. n= avai tees fps & 6.50 5.15 1495.65] 1185.01 

AGS lb. porka.s). Po 29h vesee «is elect ds oka] Gol eee aed © a eee 27.31 27.31 
allen? Tarket: loss oat cna neha ote eee Tis gl ate ede ieee 87.98 
Stationary market, profit] 222 .66)......-...).. s# 55 sale. teenie ouine er 

1522796)" 1300 230jee gee eee 1522 .96| 1300.30 

Lot 4, 16 Steers. i 

Yo 16355: 1b: at $3.85 ...|. 629.67) 629.67. 7. era te. he oe 
Feed, 179 days ...... 564.53) . 564-53)... . mae nile sie'8 ¢ <5, y= Soe 
Preight; ete >... se Pe 40:00) 40.00). sen vel. 2.20 ele. 1. eee 

isveoe 400 lb: Deeb... ase Wi. fas Bele ae one 5.80 4.90 1302.10} 1100.05 

Petia: DOT Hau, se cnarae he ie iene heres ae hese eet Pent Sek: 29.90} 29.90 
falling. market, 1OSS.c027. Anca a sedan ois oe Shs wie ates eee eee ee 104.25 
Stationary market, profit; 97.80)... 55... .)...%5 de] nee eeie eal. so wyee eel nee 

1382 300| 1258020) ce a ee me ee 1332.00) 1234.20 

Lot 5, 16 Steers. 

To 15458 |b. at. $3.60 ...|. 556.49) 556,40) 7. coo 5A. G2 <a). een 3 ee 
Feed, 179 days ...... 537.62) 836. 02) cach! Neda. le aye 
PTACACUCLGS ec. ae 40.00 AU DOL oak Gales cvs]. ond cpp ene ar 

Dy eb TOU Lbs Dee lice os aentO atte eae 5.50 4.80 1197.90] 1045.44 

AZO LDS DOTK Ss 4) alecs ae too oare sr Ale eee eg acne fe REN ane eee eae . 24.15) 24.15 
Halinre market, logs -e.isad ciel tee ae Ree ok eee bear et oe 64.52 
Stationary market, profit], 87.94)... . oles aeete es oe he a): sens eee 

1222-05)" 154s Ee? oe eas ees 1222.05} 1134.11 

Lot 6, 16 Steers. 

To 15448 lb. at $3.35 .. 517.51}: SL7.bl le. bee ele, 8 oh ae 
Feed, 179 days ..... 513.24) SIS 24s sale ONE cir © 00a age eel 
Breight. et@s. 2.32 ice 4a 40.00 40.00). pace aWhes Sa 2 |W op eae Lee 

By721055 Tb beet i. 25) a reat lee ee 5.40 4.80 | 1136.97) 1010.64 

ASO Ib) DOM os ac Gitta OFo > fo} en een eee Se ee 27.60} | 27.60 
Falling market, loss). ce}, a8 & oi reer Ee oe eh ee ee 32.51 
Stationary market, profit, 93.821. «ols. .| aon Seige). a Seca Jaen ee 

LIG4, 57} TOTO. 75) eee see bs eae 1164.57} 1070.75 
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It will be seen in Table 12 that at no time during the course of the 
experiment would it have been possible to sell any of the six lots of 
steers profitably on the basis of a falling or the actual market except 
in the case of the inferior cattle. These could have been marketed 
profitably at the close of the third or fifth four-week periods of the ex- 
periment. Up to the end of the second period, January 24, 1903, none 
of the grades could have been sold profitably on either the actual market 
or a market identical with that of November 29, 1902, when the experi- 
ment began. February 21, three months from the opening of the 
experiment, the fancy and choice lots could have been sold at a profit 
on the basis of a stationary market. At the end of the fourth period, 
and thereafter, any of the lots would have sold profitably on a stationary 
market excepting the common grade at the close of the fourth period. 

These results go to show that the early months of the feeding period 
are not of necessity the most profitable months as many feeders sup- 
pose. Indeed in this case the opposite was true. The fact that all of the 
cattle were given a partial grain ration during the four weeks preceding 
the test doubtless detracted from the gains which would otherwise 
have been shown in the first period, because the first increase in weight 
by steers in the average feed lot is attributed largely to “fill.” 

Under normal market conditions, that is, when prevailing prices of 
beef steers remain about stationary, the better grades of feeding cattle be- 
gin returning a profit sooner than do the lower grades, as is shown by the 
summary in Table 12. For example, the fancy and choice steers could 
have been profitably disposed of four weeks earlier than either the good, 
medium, common, or inferior grades, assuming a steady market through- 
out the experiment. Further, on April 18, the earliest date at which the 
statement shows a balance to the credit of all the grades, on a stationary 
market, the fancy, choice, and good cattle had earned an average profit 
relatively more than twice as great as that of the three lower grades. 

That conditions were unusual and unfavorable for making it possible 
to show that any one of the lots was fed at a profit in the feeding 
experience, the results of which are detailed in this bulletin, in no way 
lessens the value of this experiment. The prices prevailing for feeds 
were normal, the unusual factor was that of the radical decline in 
the market. However, the data derived are independent of the particu- 
lar market conditions at this time and serve as a basis for calculating 
profits or losses under varying market conditions. 

Under the conditions prevailing at the time of this experiment, all 
lots were fed at a loss. The records of this experiment show definitely 
the extent and cause of such losses, which were occasioned by the decline 
in cattle values during the six months of this experiment. It will be 
seen that the different lots did not prove equally unprofitable. A care-. 
ful study of the various factors which affect profit and loss in steer 


1903. | FATTENING STEERS. 193 


feeding will reveal in each instance the factor or factors most concerned 
in bringing about these variations in losses. 

Lot 6, the inferior feeders, were fed with smallest loss under this 
declining market. Table 13 shows that steers such as represented lot 6 
declined least in the market. This indicates that less loss was occasioned 
by this factor here than in any other lot. This one fact would undoubt- 
edly account for the smaller loss, but it is not the only advantage this 
lot possessed. Table 5 shows that these steers made the smallest 
relative and absolute gains in beef during feeding. Notwithstanding 
this fact they were in good marketable condition. Gains in live weight 
of steers are generally made at a loss, that is a pound of gain in beef 
usually costs more than it will sell for on the market, hence, that lot 
of steers which can be increased in value per hundred weight by putting 
on the least number of pounds gain, other things being equal, will have 
an advantage over other steers putting on greater gains, but increasing 
no more rapidly in value per hundred weight. There was also a very 
slight advantage in this lot over some of the others in the amount of 
pork produced. 

Lot 1 stands second in its financial showing under the falling mar- 
ket, Table 13. Its advantage over other lots came from the fact that, 
as is shown in Table 5, they made by far the best gains for food con- 
sumed. That this is an all important factor will be better appreciated 
when it is known that in practically all other respects this lot was at 
a decided disadvantage. The disadvantages referred to were that they 
made larger gains than any other lot, hence sustained greater loss from 
this factor; their increase per hundred weight during fattening was the 
least of all lots, and they were the lightest weight at the beginning. 
The amount of pork produced was the smallest. The importance of 
securing gains in live weight economically is still further emphasized in 
the showing made by the steers in lot 5, which stood next to lot 1 as 
economical producers. <A portion of what they lost in economy of pro- 
duction was offset by the fact that they stood second highest in increase 
in value per hundred weight during feeding. Only two other lots made 
smaller gains. These factors account for the relatively good showing 
of lot 5. 

Lot 3 made a better financial showing than lot 2, because the increase 
in value per hundred weight during feeding was greater; the cost of a 
pound of gain was less, the gains smaller and the pork produced was 
greater. 

The steers in lot 2 did not make as good gains for food consumed as 
some other lots; this was undoubtedly partially due to the fact that 
they were the largest framed and heaviest weight steers in the experi- 
ment. The advantage they possessed in having greater weight at the out- 
set, which would normally amount to a considerable item in the 
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increase per hundred weight on original weight, was not in this instance, 
an important factor, as the actual increase per hundred weight during 
feeding was small. This lot was again at a disadvantage financially in 
making relatively large gains. 

But little can be said for lot 4; they made a bad showing in a most 
unfavorable year. Their gains in beef were expensive. 'They apparently 
possessed but few of the advantages accorded either the better or the 
poorer grades, and were possessed of some of the disadvantages found 
to be present in each of them. 


TABLE 13.—AcTUAL DECLINE IN MARKET VALUE PER HUNDRED WEIGHT BY 
Montus on Basis oF MARKET OF NOVEMBER 29, 
1902, anp ToTaL DECLINE. 


: Actual 

Nov. 29 Jan. 24 Mar. 21 Apr. 18 May 16 Total, margin 

Lot to to to to to pies 29 | per cwt. 
Nowvievane 24, JeMeb. 27, Apr. 18, | May 16, May 28, from 


28 days. | 28 days. | 11 days. Moy 28, |Nov. 29 to 


56 days. | 28 days. 
eo re 179 days. May 28, 


179 days. 
1 $0.25 $0 . 30 $0.15 $0 .40 $0.35 $1.60 $0 .65 
2 .30 45 00 3D .30 1.50 85 
S WAL aes 10 40 ms) Laoo 95 
4 10 a5 05 20 f2D 90 1.05 
5 204 )*¥ 44525 25 20 20 70 1.20 
6 20s 25 10 20 nia 60 1.45 


*The + sign here is used to signify that instead of a decline in the market for 
such steers as represented, lots 5 and 6, there was an actual advance of twenty-five 
cents per hundred weight during the second four weeks of the test. The market for 
those grades therefore was practically the same on January 24, 1903, as it was at 
the beginning of the experiment, November 29, 1902. 


With the two exceptions noted there was a steady but somewhat 
irregular decline in the market for all grades from November 29 to 
May 28. This decline was much greater,in the better grades than in 
the poorer ones. This is due partly to the fact that the prices for 
fancy, choice, and good feeding cattle, and those prevailing for prime, 
choice, and good beeves were relatively high, the former because there 
was a great demand for feeders possessing quality, and the latter because 


just at the Christmas holiday season, prices for good fat cattle are apt 
to be relatively higher than those for the lower grades. 

As the holidays passed and the season advanced, the supply of prime, 
choice, and good steers was so liberal that prices dropped on these grades 
more rapidly than on others. 

In the last column will be found the actual margin of selling over 
purchase price for each grade. By comparing these margins with the 
figures in the next column to the left, it will be seen that, except in 
lots 4, 5, and 6, the margins of actual market transactions were not as 
great as the actual decline in the market. To put it in another way, 
under existing market conditions the market declined more rapidly than 
the steers increased in value during the fattening process. This is a 
most unusual circumstance, but one which the cattle feeder is all too 
frequently obliged to meet. 
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TABLE 14.—VALUE OF STEERS BY PERIODS ON BASIS OF STATIONARY AND FALLING 
MARKET. 


Av’ rage 
Lot 1. | Lot 2. | Lot 3. | Lot 4. | Lot 5. | Lot 6. |Py. peri- 
ods for 

6 lots. 


Nov. |Actual market value per 
29, ewt. beginning of ex- 
LUUZ2 tes DENUNeNt cee os PS as $4.75 $4.55 |$4.20 |$3.85 |$3.60 |$3.35 |...... 
Increase in market value 

per cwt. in 4 weeks on 

basis of stationary 

HUAT Keb mute ave eine .25 .20 .20 .20 .25 .25 |$0.255 


Dec. |Market value per cwt. 
24; basis of stationary 
L903 che Maar kets ih, its ete, 2 5.00 |} 4.75 | 4.40) 4.05.) 3.85 | 3.60 |e... J, 
Actual market value per 
ewt. basis of existing 
Tiprece hee OU MATIN ees Om ee Ae Ae a ssi Sot sce sale oa eanph 


Increase in market value 
per cwt. in 4 weeks on 
basis of stationary 
THATKBt ion art oe ce ean ou 20 .20 H25 25 .250 


24, |Market value per cwt. ba- 
1903.| sis of stationary market 


Actual market. value per 
cewt. basis of existing 
market conditions ....| 5.00 | 4.80 | 4.40 | 4.15 | 3.90 | 3.65 |..... : 


Increase in market value 
per cwt. in 4 weeks on 
basis of stationary 
Market ses <9 ts az oes 30 45 50 40 25 .50 .400 


Feb. |Market value per cwt. 
21, basis of stationary 
HOD wins THAT REL, i) cee sh. 5op 1.0.00 | 5.101 406501 4:35° 4:36 |... 


Actual market value per 
ewt. basis of existing 
market conditions ....| 5.00 | 4.80 | 4.65 | 4.50 | 4.40 | 4.40 |...... 


Increase in market value 
per cwt. in 4 weeks on 
basis of stationary 
RNALKOE Parcs fees fy, oe 30 30 .30 .40 20 .30 La20 


Mar. |Market value per cwt. 
7 bp basis of stationary : 
POE STAT KOU gait) Pass ms 5.90 1) 5.90-} 5.45 15.05 | 4.55 | 4.65 [o08% 


Actual market value per 
ewt. basis of existing 
market conditions ....| 5.20 | 5.05 | 4.75 | 4.65 | 4.50 | 4.50 |...... 


Apr. |Increase in market value 
18, er cwt. in 4 weeks on 
1903. asis of stationary . 
markethey Vai .35 40 50 40 .60 45 45 
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TaBLE 14—Continued. 


Av’rage 


Lot 1. | Lot 2. | Lot 3. | Lot 4. | Lot 5. | Lot 6. |by peri- 
ods for 


6 lots. 
Market value per cwt. 
basis of stationary 
Apr. WOATKGL CS . see Store om $6.25 |$6.30 |$5.95 |$5.45 $5.15 |$5.10 |...... 
18, 
1903. |Actual market value per 
cwt. basis of existing 
market conditions ....| 5.40 | 5.45 | 5.15 | 5.00 | 4.85 | 4.85 |...... 


Increase in market value 
per cwt. in 4 weeks on 
basis of stationary 
markets Sy ee .50 39 40 .20 .20 | .20 | $.308 


May |Market value per cwt. 
16, basis of stationary 
IU0S Jt aarkeba. see tees 6.75 | 6.65 | 6.35 | 5.65 | 5.35 | 5.30 |e 


Actual market value per 
ewt. on basis of exist- 
ing market conditions..| 5.50 | 5.45 | 5.15 | 5.00 | 4.85 | 4.85 |...... 


Increase in market value 
per cwt. in 11 days on 
basis of stationary 
Markets [wes kee 25 .25 15 15 15 .10 175 


May |Market value per cwt. 
28, basis of stationary 
BUC actnarket, oS eet ieg es, Be 7.00 | 6.90 | 6.50) 5°80 |'5.50 S400 ee 


Actual market value per 
ewt. on basis of exist- 
ing market conditions..| 5.40 | 5.40 | 5.15 | 4.90 | 4.80 | 4.80 |...... 


Actual total increase per 
cwt. in 179 days on 
basis market condi- 
tions Nov., 1902, to 
Day 1003 en et oe .65 85 (95. |.1.05-|.1.20-| le aa 


Total increase per cwt. 
on basis of stationary 
market, Nov., 1902. ..| 2.25 | 2.35 | 2.30 | 1.95 | 1.90 | 2.05 |...... 


Average increase per cwt. 

per month on basis of 
stationary market ....| .375| .392| .383]} .325) .317| .342}) .356 
The foregoing tabulated statement illustrates a feature of the inves- 
tigation under study. Among the many difficult and important questions 
which the cattle feeder must decide is, at what stage of the fattening 
process may steers be marketed with greatest profit? How largely does 
the answer to this question depend upon the grade of cattle fed? And 
finally, do market fluctuations have a bearing upon the answer to this 
question? From the above table it will be seen that on a basis of a sta- 
tionary market there would have been a margin between the buying 
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and selling price in lot 1 of $2.25 per hundred weight; in lot 2, of 
$2.35; lot 3, $2.30; lot 4, $1.95; lot 5, $1.90; and lot 6, $2.05. These 
margins as will subsequently be shown would have made handsome 
profits for the cattle feeder on all the grades. Unfortunately for the 
financial showing made in the actual transactions of this experiment 
the margins over the cost price were very small indeed. They were as 
follows: In lot 1, $0.65; in lot 2, $0.85; in lot 3, $0.95; in lot 4, $1.05; 
in lot 5, $1.20; and in lot 6, $1.45 per hundred weight. 

The margins recorded in the table as estimated on the basis of a 
stationary market are somewhat unusual in that the margins for the 
better grades are rather too large as compared with those of the lower 
grades. It is true that the actual margins computed on the basis of 
prevailing market conditions are much more unusual. The variations 
in margins from the normal as based upon a stationary market are too 
sight, however, to render a comparison of margins between the grades 
impracticable; in fact, there is much of value that can be learned from 
such comparison. While it is true that by using the Christmas holiday 
market as the basis for values of beef cattle on stationary market the 
estimated values of prime steers as compared with medium and common 
grades of beef cattle are relatively high, it is equally true that the esti- 
mated value of fancy, choice, and good feeding cattle was correspondingly 
high at this season in 1902. The average increase per hundred weight 
a month on the basis of a stationary market for the three best grades, 
lots 1, 2, and 3, was slightly more than 38 cents. The average increase 
per hundred weight a month on a basis of actual market conditions 
in the three best grades was but little more than 13 cents. 

Two factors contributed to make the margins exhibited in lots 4, 5, 
and 6 characteristic. First, the market did not decline either as much 
or as rapidly as in the better grades, and second, these grades increased 
in value per hundred weight rather more rapidly than is common. Much 
therefore is to be gained by making a careful study of the financial 
statement concerning lots 4, 5, and 6. 

In general, it may be said that where two-year-old steers are gaining 
at the rate of two and one-half pounds per steer a day on rations calcu- 
lated to produce that finish demanded in the market, and that in a rea- 
sonably short time with feeds at average prices, they will increase in 
market value at the rate of from $0.20 to $0.30 per hundred weight a 
month, providing of course the market does not decline in the meantime. 

Another point that should be noted in this table is that at the begin- 
ning of the experiment the market value of the various lots was such 
that lot 1 was $0.20 per hundred weight more valuable than lot 2. Lot 
2 was $0.25 per hundred weight more valuable than lot 3; lot 3, $0.35 
per hundred weight more valuable than lot 4; lot 4, $0.25 per hundred 
weight more valuable than lot 5; lot 5, $0.25 more valuable per hundred 
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weight than lot 6; lot 1 was $1.40 more valuable per hundred weight 
than lot 6. 

At the end of the experiment these differences were much less 
marked; lots 1 and 2 were sold on the market at the same price. They 
were considered only $0.25 per hundred weight more valuable for 
slaughter than lot 3, and lot 3 $0.25 per hundred weight more valuable 
than lot 4. Lots 5 and 6 were considered of equal value for killing 
purposes and but $0.10 per hundred weight less valuable than lot 4. 
When marketed lot 1 was considered only $0.60 per hundred weight 
more valuable than lot 6. 

As bearing on the financial aspect of this experiment and cattle 
feeding in general it may be said that market values are bound to vary 
considerably from those obtained during this experiment. Cost of gains 
under favorable conditions need not be materially different from those 
in this experiment. It is interesting to note that for the feeder to 
have come out even and neither to have made nor lost by the feeding of 
the various grades in this experiment it would have been necessary 
to have secured margins as follows: Lot 1, $0.93; lot 2, $1.13; lot 3, 
$1.48; lot 4, $1.63; lot 5, $1.59; and lot 6, $1.63. This illustrates a 
fact which every cattle feeder should understand, viz., that the lower the 
price at which feeding cattle are purchased, no matter whether this low 
price is chiefly due to a prevailing dull and low market or to the fact of 
the cattle being poor in grade, the larger the margin must be to secure 
protection against loss. 

The accompanying table iuneraad the relative gains of about half 
of the individual steers in the different lots. On January 19, just 
fifty days after the experiment began, a metal ear label was inserted in 
the left ear of each steer in lot 6; on the following day, January 20, 
ear labels were inserted in the ears of lots 4 and 5; on January 21 in 
lots 2 and 3; and on January 22 in lot 1. The weight of each steer was 
taken just before the label was inserted. It was the intention to weigh 
each steer at the end of the experiment and thus determine the indi- 
vidual gains of each one in each lot.* This was found to be im- 
practicable as many of the labels were soon lost and the placing of 
duplicates would have been a constant annoying and disturbing factor 
to be reckoned with in any results which final records might show. It 
was thought advisable, therefore, not to attempt to secure a complete 
record of individual gains but simply of those steers that had fortu- 
nately retained their ear labels to the last. This question of individual 
gains was not a part of the experiment as planned and the absence of 
these records does not in any way affect data which will be used 
to determine the object of this experiment. The incomplete record 

*Experience at this Station goes to show that the metal ear label is much less 


liable e tear out when placed on the upper edge than on the lower edge, as recom- 
mended. 
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Lot No. 
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TABLE 15.—INDIVIDUAL WEIGHTS AND GAINS OF STEERS. 


No. of 
steer. 


101 
102 
103 
104 
107 
108 
19 I 
112 
113 


119 
121 
122 
123 
126 
135 
137 
138 
140 
147 
148 


151 
153 
157 
158 
159 
163 
164 
165 
166 
168 
169 
171 
172 
173 
175 
176 
178 
ts 
180 


EIS) 


182 
183 
184 
185 
186 
188 
189 
190 
192 
193 
195 
196 
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Weight of 
steer, 
Jan. 22. 


885 
905 
1020 
1065 
1120 
965 
990 
1050 
1045 
Jan 24 
1245 
1265 
1135 
1295 
1185 
985 
1120 
1010 
1350 
975 
1030 
Jan. 20 
1140 
1025 
1085 
1130 
1250 
1125 
1075 
950 
1030 
1135 
1070 
1005 
1070 
985 
1030 
990 
895 
985 
1130 
Jan. 19 
1060 
1045 
925 
1180 
925 
1000 
955 
1020 
1160 
965 
1055 
1110 
925 


Wt. of steer, 
Champaign, 
May 27. 


1315 
1315 
1285 
1455 
1600 
1250 
1315 
1445 
1425 


1675 
1580 
1465 
-1670 
1400 
1295 
1380 
1440 
1730 
1410 
1440 


1250 
1385 
1375 
1455 
1540 
1465 
1375 
1300 
1350 
1500 
1460 
1285 
1340 
1300 
1300 
1375 
1210 
1400 
1475 


1370 
1390 
1225 
1395 
1215 
1315 
1290 
1425 
1445 
1295 
1305 
1190 
1175 


Gain in 
125 days. 


430 
410 
265 
390 
480 
285 
325 
395 
380 
126 days 
430 
315 
330 
375 
215 
310 
260 
430 
380 
435 
410 
127 days 
110 
360 


199 


Average 
daily 
gain. 


WWWWNNFHNNN WW WWNNWWDN WW 
we 
eee 


— RPNNWNNNRNMNNWD NWNWNNNNWNNNWNHNNNNWNWD 
OO 


200 BuLuetin No. 90. [| December, 


illustrates a point or two worthy of notice; first, that as far as these 
_records go, the steer that made the greatest average daily gain was 
steer No. 107 in lot 1, while the steer making the lowest average daily 
gain was No. 195 in lot 6. The former gained at the rate of 3.840 
pounds a day, while the latter gained only .625 of a pound per day. 
This difference is extreme and must be looked upon as an individual 
rather than a grade characteristic. Careful study of the above table 
reveals the fact that the steers in the better grades were not only more 
rapid gainers, but also much more uniform in their daily gains than 
the steers in the lower grades. The steers with high average daily gains 
in lot 1 were the rule while the steers with such averages in lot 6 were 
very unusual indeed. The individual gains in the other lots indicate 
that the better bred the steer the more uniform and consistent his gains. 

Steer No. 107 in lot 1 gaining nearly four pounds per day for four 
months, and that under carload feed lot conditions on a steer well 
fleshed as a feeder, but shows the opportunity and illustrates the possi- 
bilities in store for the systematic, painstaking breeder of beef cattle 
who will continue to select his animals to improve them in this rapid 
gaining, early maturing quality. Perhaps no other characteristic of beef 
cattle has received greater attention at the hands of breeders than this 
one. The fact that this one steer practically stands in a class by him- 
self indicates that there is still opportunity for further improvement 
along this line. This opportunity should be made the most of by breed- 
ers of beef cattle until it can no longer be said that beef production can 
only be engaged in by well-to-do farmers since returns are slow and 
capital is too long tied up without cash returns. 

It would indeed be interesting to know the relative cost of beef on 
these two steers to which reference has been made, namely No. 107 in 
lot 1 and No. 195 in lot 6. This of course could not be determined in 
this test without seriously interfering with the car-lot conditions be- 
lieved to be so essential as a practical feature of this experiment. In 
general it is clear that the steer making the greatest gains consumed the 
most feed. He was always one of the first at the trough as soon as the 
feed was distributed and among the last to leave it; when he did, he 
seemed satisfied and contented. He had a proud, stately carriage that 
would become individuals of any species of the animal kingdom. On the 
contrary, the slow gaining steer was dainty and delicate about his eating 
and seldom showed signs of having enjoyed or made good use of his meal. 
He had that dull “hang-dog” look that always accompanies slight 
grudging, and inefficient expenditure of energy. 

These evidences of better gaining capacity seemed to stand out more 
clearly during the feeding process or after a closer acquaintance secured 
by actual every day contact with the steers than in the yards as feeders. 
This suggests the importance of the great advantage of breeding the 
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feeders which one finishes. A system of beef production that involves 
the breeding and finishing of the steers by the same individual gives 
opportunity to discard the feeders which do not promise well before too 
much expensive feed has been wasted in trying to finish them for 
the market. : 

CONCLUSIONS. 

1. More rapid and much larger gains may be secured on the better 
than on the more common grades. 

2. ‘The results of this experiment clearly show that when the various 
grades of beef cattle are put in the best marketable condition there is 
a very definite relation between the percentages of dressed beef and the 
grade of cattle involved. ‘The better the grade of cattle the higher the 
percentages of dressed beef. 

3. Low grade cattle carry larger percentages of internal fat than 
the better bred ones, while there appears to be a more abundant and more 
evenly distributed layer of surface fat on the better bred steers. 

4. As the differences between feeders tend to disappear as the 
feeding process goes on, the differences in quality between the various 
grades of feeding cattle are more pronounced than such differences be- 
tween the various grades of beef or fat cattle. Quality is the more 
important in feeding cattle; condition in fat cattle. 

5. Primarily this experiment was outlined to determine the relation 
— Setween the grade of feeding steers and their “feeding qualities”; that 
‘s, whether the quality of a feeder determines his capacity for making 
gains, his ability to use feed economically, and the nature of the gains 
made. However, both the market and slaughter tests of the various 
grades as finished clearly indicate that to the packer and butcher con- 
dition is of first importance. 

6. The grade of cattle the finishing of which will return to the 
cattle feeder the greatest profit will depend upon the following con- 
siderations: 

(a) The relative ability of the various grades to use feed for the 
production of gain and finish as shown by the data in this bulletin. 
See Table 7. : 

(b) The relative cost of the various grades of feeding cattle. 

(c) Cost of feed. 

(d) The method of feeding and time of marketing. 

(e) The range in prices between prime and common rough steers or 
between the highest and lowest grades of beef cattle. 

”. The greater the cost of the feed used, the greater is the advan- 
tage in favor of the better grades, both because under normal market 
conditions, in these grades the gains and finish are put on with less 
relative feed consumption than in the lower ones, although this dif- 
ference is less marked in the inferior than in the intermediate grades 
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and because the cost of feed is a larger factor in the feeding of the 
lower than the higher grades. 

8. The greater the spread in the market between the various grades 
of feeders, the more is the advantage in favor of the commoner grades. 
As a rule the price of common rough steers fluctuates less than the price 
for prime steers and the price of the inferior and common grades of 
feeders varies less than those of the choice and fancy grades. 

9. A concentrated ration and shorter feeding period tend to favor 
the feeding of the lower grades, that is, a ration with a wide nutritive 
ratio like corn and timothy hay or straw without the addition of a 
nitrogenous concentrate or roughage and where the concentrate com- 
prises a large percentage of the ration would favor cattle of the lower 
grades because they are older and the process of finishing is largely a 
process of fattening. 

Again prices for the lower grades of fat or beef cattle are more 
_ or less affected by range and holiday competition and are usually rela- 
tively low at such seasons. 

10. Older cattle of the more common grades can undoubtedly be put 
in marketable condition on a shorter full feed period than can younger 
cattle of the same weight which would grade higher, because the older 
the cattle the less the increase in weight required to finish them. 

11. The greater the spread in the market between the various grades 
of fat steers the more is the advantage in favor of the better grades. 

12. Opportunities for larger profits, and losses as well, he with 
the better grades of feeders. 

13. Steers containing high percentages of beef blood possess greater 
capacity for consuming large quantities of feed than steers of a more 
common grade, especially in the later weeks. 

14. Age and condition as well as quality are important factors to be 
reckoned with in the management of the various grades of feeding cattle. 
Speaking generally of the offerings of feeding cattle at any of our lead- 
ing markets it is safe to say that the better the quality and condition 
the younger the cattle. In securing 900 to 1,000 pound feeding cattle 
of the more common grades one is bound to get cattle of advanced age, 
say three years old at least. Choice and fancy feeders of these weights 
can be secured in short two-year-old cattle. 

15. Steers of all grades may be finished or put in good marketable 
condition without carrying them to a point of fatness which necessitates 
small gains for food consumed. 

16. The margins necessary to protect against loss in finishing the 
various grades of feeders are dependent upon: 

(a) The grade and cost of the cattle. 

(b) The price of feeds. 

(c) The initial weight of the cattle. 

(d) The length of the feeding period. 
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1%. The lower the price at which feeding cattle are purchased, 
whether because of prevailing low prices for feeders or because of the 
low grade of the cattle, the larger must be the margin between the buy- 
ing and selling price in order to secure protection against loss. 

18. ‘The greater the cost of the feed necessary for finishing feeders, 
the larger must be the margin. 

19. Feeding cattle of heavy weights can be finished profitably on 
a narrower margin than can light weight feeders. 

20. Feeding cattle which require an extended feeding period for 
finishing require a larger margin than do feeders which can be matured 
in a shorter time. 


GENERAL OBSERVATIONS. 


Beef production on an extensive scale is an enterprise in which the 
uninformed and inexperienced can not afford to engage. For several 
years it has been developing into a more complex and difficult, and 
therefore a more hazardous business. Conditions as to market price of 
feeding and fat cattle and cost of feeds have never been identical 
during any two consecutive years and seldom more than similar at 
irregular intervals. ‘Thus the man who masters the science and art 
of beef production in such a way as to make it profitable is a master 
indeed. | 

It is reasonable to assume that the problems confronting the men 
who market a large part of the fat cattle of America are the problems 
that should engage the attention of the investigator. It is estimated 
that 85 percent of the native beef cattle marketed in Chicago have been 
previously bought as feeders and finished by cattle feeders who do not 
raise the cattle they feed. In most respects the improvement in beef 
cattle has been along lines calculated to render them more valuable and 
profitable to cattle raisers who breed and develop the cattle they finish 
for the block, rather than to render them especially fitted for the enter- 
prise engaged in by so many of our cattle men, namely, that of buying in 
the market or on the range, feeders that have been grown and developed 
to the point of finishing. To be more specific it may be said that the 
improvement in beef cattle has been along the lines of earlier maturity, 
refinement of form, and reduction of the percentage of bone and other 
products of the steer less valuable than beef. Thus it may appear on 
first thought that breeders have lost sight of their greatest opportunity 
by not rendering their cattle pre-eminently the cattle for the feed lot 
no matter what the varying conditions affecting this enterprise may 
happen to be. More careful consideration of the subject, however, will 
surely convince the student of beef production that all these years of 
improvement in beef cattle have not been in vain, for some one must 
breed and rear the calves that will eventually find their way to the feed 
lot and subsequently to market. AlII conditions indicate that ultimately 
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more of the steers fed in the corn belt will be reared there. Evidence 
of the superiority of the well bred steer for this purpose is too manifest 
to require discussion at this time. 

Notwithstanding the fact that breeders have improved the early 
maturing quality of beef cattle to a greater extent than any other, the 
wide variations in the gains of individual steers within the grades of 
feeding cattle used in this experiment point strongly to the possibility 
of still further improvement along this line. Breeders of beef cattle 
should not be slow to take advantage of this opportunity. 

Incidentally the results of this experiment show which of the six 
grades of feeding cattle was fed with the least loss under conditions 
which have prevailed during the winter of 1902-’03, and the data will also 
afford a basis for computing probable profits under varying market con- 
ditions. Experienced feeders believe that the largest factors in deter- 
mining the relative profits in feeding the different grades of cattle 
are local and market conditions. It is obvious that cattle feeders can 
not control the markets for their cattle; they should understand fully, 
however, the bearing which market conditions have upon the question of 
what grade of feeding cattle is likely to return to the feeder the great- 
est profits in any given year. The big questions are, of course, the 
relative rapidity, extent, nature, and cost of gains with the various 
grades. 

When prices rule low in the beef cattle class and the market is dull and 
has a downward tendency, the range of prices between prime steers and 
common rough steers is narrow, and as a result, condition or fat is more 
important than quality or beef blood. As a rule, prices of common 
rough steers in the beef cattle class fluctuate less than the prices for 
prime steers. Hence, it will be seen that in general there is less liabil- 
ity to large losses from market fluctuations in the feeding of the com- 
moner than the better grades of feeding cattle. On the other hand the 
chances for making large profits are undoubtedly greatest with the bet- 
ter grades. As a feeding proposition there is perhaps a larger element 
of speculation involved in the handling of the well-bred than the com- 
mon-bred steer. It is best for the beginner to handle a few loads of the 
commoner kinds, as the chances for heavy losses are thereby reduced to 
the minimum, and the capital involved is not large. It is well, however, 
to bear in mind that cattle of common and inferior grades must be pur- 
chased at a low price or what has been said will not be true, for under 
ordinary conditions the margin for profit in feeding low grade cattle is 
slight. 

By reducing the corn fed to meal and mixing same with roughage the 
importance of pork production as a factor in cattle feeding is minimized. 
Notwithstanding this, the pig, even under such conditions, should not 
be eliminated. Properly managed he may return a credit to each steer 
fed of approximately $2.00, 
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PREVENTING CONTAMINATION OF MILK. 


By WILBER J. FRASER. 


URBANA, ILLINOIS, DECEMBER, 1903. 


SUMMARY OF BULLETIN No. 91. 


InTRopDUCTION.—Investigation has shown that all of the troublesome changes 
that take place in milk and make it such a difficult product to handle properly are 
caused by bacteria. Page 221. 

BacTeria.—Bacteria are single-celled plants, so minute that several hundred of 
them placed closely side by side would equal only the thickness of ordinary writing 
paper. Page 221. 

Sources oF Bacteria IN Mitx.—Bacteria exist in immense numbers in the 
air, and in dust and dirt of every description, and for this reason it is difficult indeed 
to secure milk free from germs. Page 222. 

Tue Errect or Bacteria oN Mitx.—Bacteria not only cause milk to sour in 
a short time, but they make it less wholesome, and often impart a bad flavor. 

Page 223. 

OpsECT OF THE INVESTIGATION.—The purpose of the investigation reported in 
this Bulletin was to determine the effect of the different common operations per- 
formed each day in dairies and dairy barns upon the bacterial content of milk, and 
to find the most practical methods by which this contamination could be reduced 
to the least possible amount. Page 224. 

MetHop Usrp.—Petri dishes filled with a sterile nutrient medium were exposed 
for a definite length of time, and then held at a warm temperature for three days, 
when the colonies were counted. The basis taken was the number of colonies 
developed on 63 square centimeters of surface from a half-minute exposure. 

Page 224: 

CHECKS ON THE Worxk.—To learn whether petri dishes might become con- 
taminated before or after direct exposure, dishes were left in dusty places in the 
barn, but not exposed. In the thirty-nine dishes thus treated, but seven colonies 
developed. Page 227. 

BACTERIAL CoNDITION OF OuTDOOoR Atr.—Of the exposures made in the open 
field, fifty percent were sterile, while of those made in the barnyard, twelve percent 
were sterile. Page 228. 

BaAcTERIAL CONDITION oF AiR IN Datry Barns.—The results obtained in 
these barns show that with a dry and dusty floor the bacterial content of the air is 
large when the cows are in the barn, even though they are not brushed and no hay 
or bedding is moved. With an efficient system of ventilation and a clean cement 
floor, the number of bacteria in the air is decreased greatly. Dust arising from 
brushing cows is more heavily laden with bacteria than dust from most other 
sources. Page 229. 

EXPERIMENTAL Mitkina Room.—The, dust. which arises from brushing cows, 
although heavily laden with bacteria, soon settles when the room remains closed, 

and in half an hour the air is practically free from bacteria. Page 235. 
Botrtinc Room.—Everything in this room is kept clean, and the floor is 
usually damp. Eighty percent of the exposures made there were sterile. Page 236. 

WASHING UDDERS BEFORE MiLKinG.—The number of colonies developed from 
exposures under apparently clean unwashed udders was three times as many as 
under the same udders after washing. With soiled or muddy udders, such as are 
frequently found in dairies, the benefits derived from washing udders are much 
greater than these results show. Page 237. 

Weient or Dirt Wuicu Fauus into MILK puRING MiLKInc.—With udders 
that were apparently clean it was found that an average of 34 times as much dirt fell 
from the unwashed udders as from the same udders after they were washed. With 
soiled udders the average was 18, and with muddy udders 90 times as much dirt 
from the unwashed as from the washed. Page 248.. 

Concuiusions.—The results of the work described in this Bulletin are of vital 
importance to the practical dairyman, as they show that extreme cleanliness is 
absolutely essential to the most successful dairying. Page 245, 


PREVENTING CONTAMINATION OF MILK. | 


By Wiser J. Fraser, Corer in Darry HusBanpry. 


INTRODUCTION. 


It has long been known that extreme cleanliness is absolutely essen- 
tial to the most successful dairying, but the real reason for this was not 
known until within the last few decades. Investigations of recent years 
have shown that all of the troublesome changes that take place in milk 
and make it such a difficult product to handle properly are caused by 
bacteria. In fact, successful dairying depends largely upon the ability 
to limit the number of bacteria obtaining access to milk, and to control 
those that cannot be kept out. 

Milk becomes contaminated in so many ways in the process of milking 
that it is extremely difficult to secure it free from germs, but this has 
been done in an experimental way a sufficient number of times to prove 
that milk as formed in the milk glands of a healthy cow is germ free. 
Since bacteria invade the udder to some extent, and develop there, milk 
-as drawn from the udder is not entirely free from germs; this is especially 
true of the first milk drawn. 

When milk is secured free from germs, the common phenomenon of 
souring does not take place, but it remains sweet and practically 
unchanged indefinitely. It is, therefore, of the utmost importance not 
only to the milk producer and the consumer, but to the butter and 
cheese maker as well, that this ideal condition be as nearly reached as 
possible. By observing a few precautions dairymen can prevent the 
contamination of milk to a large extent, and thus produce, at but slight 
trouble or expense, a much better and more valuable as well as a longer 
keeping product. 


BACTERIA. 


Comparatively little was known of bacteria until within the last two 
decades, but during this time much attention has been given to the study 
of these microscopic plants, and the knowledge of them has made won- 
derful progress. The study had not advanced far when it was discovered 
that certain species of bacteria had the power to produce disease, and the 
reputation which they thus gained clings to all bacteria in the popular 
mind to-day. With many people the words “bacteria” and “disease” 
are nearly synonymous terms, although the power to produce disease 
belongs to a small percentage only of the numerous species of these 
organisms. Bacteria are the chief agents in decay, and without decay 
all organic matter would remain unchanged after death. 
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SIZE. 


These organisms, which are of such great importance, are so extremely 
minute that it is difficult to gain an adequate conception of their size. 
If they could be placed closely side by side, it would take several hundred 
to equal the thickness of ordinary writing paper. Of course, they can 
be seen only with the most powerful microscope. If bacteria could be 
magnified to the size of base-balls, a man enlarged in the same propor- 
tion would be over fifty miles high. 


Form. 


In the more complex species of plants and animals, each has a form 
peculiar to itself. In bacteria, which are single-celled plants, there can 
be little difference in the form of the different species because of their 
simple structure and minute size. Although there are hundreds of 
species of bacteria, they all come under three different forms, which may 
be represented by balls, rods, and corkscrews. 


| SourcES OF BacTERIA IN MILK. 


Since milk, as formed in the milk glands of a healthy cow, is germ 
free, we would not expect to find bacteria always present in it, at least in 
~ such large numbers as usually exist. Freshly drawn milk may contain 
from 200 to 100,000 bacteria per c.c., or from 800 to 400,000 per tea- 
spoonful, according to the care with which it is handled. By the time 
milking is completed, under ordinary conditions, the milk is badly con- 
taminated indeed. It is then of the greatest importance to the dairy 
interests to learn the sources of bacteria which gain access to milk. 
The number found in freshly drawn milk is a good indication of the 
sanitary conditions under which it was produced. 

Let us pause for a moment and sce where these bacteria are in nature, 
and how they so readily gain access to milk. Investigation has shown 
that their presence is well-nigh universal. They are found floating on 
the dust in the air, and in the soil and water. It is difficult to find a 
cubic yard of air that does not contain thousands of them, and soil and 
water contain them in vastly larger numbers. In the air of enclosed 
spaces, as in dwellings and barns, they are much more numerous than 
out of doors. In the air of barns they are generally abundant, especially 
if a dust has been raised. They are also found in immense numbers in 
dung and dirt of every description, on the cows’ udders, the hands of the 
milkers, and not only in the seams and cracks of unsterilized dairy 
utensils, but also clinging to the entire surface. Wherever there is a 
lodging place for dust, there bacteria will be found in vast numbers. 
The least stir in the bedding or of the dust on the floor will send myriads 
of them floating into the air. Everywhere in nature, then, these organ- 
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isms exist with the power to multiply with astonishing rapidity unless 
held in check by the conditions surrounding them. In most places they 
are dormant or growing very slowly. The bacteria clinging to the hair 
and dirt on a cow and those riding on the dust in the air, multiply slowly, 
if at all, but they have the power of growth, and as soon as they find 
moisture and nourishment, they develop rapidly if the temperature is 
favorable. 

Freshly drawn milk is especially adapted to the growth of nearly all 
species of bacteria, as it contains all the elements necessary for their 
development, and besides affords a favorable temperature. Those that 
gain access to it, therefore not only contaminate it themselves, but 
multiply at an astonishing rate if the milk is not immediately cooled to 
near the freezing-point. ‘The increase of bacteria usually occurs by the 
simple division of one individual into two. The exceptional power of 
rapid multiplication is one of their most. important properties, especially 
in relation to dairying. In some species one germ may become two, 
under favorable conditions; in half an hour. Such multiplication in a 
geometrical ratio results in an increase of numbers with almost incon- 
ceivable rapidity. At this rate, starting with 1 organism, in half an 
hour there would be 2; in one hour each of these would have again 
divided, making 4; in one and a half hours 8, in two hours 16, in three 
hours 64, in four hours 256, etc., and if this rate of multiplication could . 
be maintained for twenty-four hours there would be some 17,000,000, 
all the offspring of a single bacterium within a single day. J ortunately 
for humanity this maximum multiplication rarely occurs, as various 
factors soon interpose to check the development of these germs. ~ 

Temperature, moisture, and food supply are the conditions controlling 
the multiplication of bacteria. Milk at all temperatures furnishes ideal 
conditions as to moisture and food, and when freshly drawn its tem- 
perature is ideal for most species. ‘his being the case, all germs that 
gain access to milk may multiply rapidly unless checked by an arti- 
ficially low temperature or by the addition of some substance that pre- 
vents growth. 

The temperature at which bacteria multiply most rapidly varies with 
the species. Some grow best at 75° F., and others at 90°, while a few 
reach their maximum rate of development at still higher temperatures. 


Tue Errect oF BACTERIA ON MILK. 


The cow is a much more economical producer of human food than is 
the steer or the pig, and if bacteria could be prevented from getting into 
milk, dairying would be a far more remunerative occupation than it 
now is. 

In milk, for whatever purpose it is to be used, nearly all species of 
bacteria are detrimental. They not only cause it to sour in a short time, 
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but make it less wholesome for infants and invalids, as well as often 
impart a bad flavor. Certain species, however, are essential in the manu- 
facture of good butter and cheese. 

The changes which bacteria produce in milk are several; the most 
common, and also the most important one, being the conversion of milk 
sugar into lactic acid, which is known as souring. Owing to the rapid 
changes which bacteria cause in milk, it is not, as ordinarily handled, in 
suitable condition for human food for longer than twelve to forty-eight 
hours after it is drawn, the time depending upon the temperature at 
which it is held. It is, then, essential that every family receive daily a 
fresh supply of milk. This necessitates the expenditure of a large 
amount of time and labor in delivering the milk. Generally speaking, 
it costs as much to deliver milk to the consumer after it is produced as it 
does to produce it. From this it is seen that were it not for the action 
of bacteria, a large supply of milk could be delivered at one time, and 
thus reduce the delivery to once a week, or even less frequently, which 
would increase the producer’s profit several fold or greatly reduce the 
price to the consumer. 

When we consider that milk is used daily by all classes of people, it 
will be seen that the action of bacteria on milk is of the utmost import- 
ance from a financial standpoint alone. In connection with this, the 
health of the community should be considered. for disease germs fre- 
quently find their way into milk where slovenly methods are practiced, 
and thus endanger not only the health but even the lives of the con- 
sumers. : 


OBJECT OF THE INVESTIGATION. 


The purpose of the investigation reported in this bulletin was to 
determine the effect of the different common operations performed each 
day in dairies and dairy barns upon the bacterial content of milk, and to 
find the most practical methods by which this contamination could be 
reduced to the least possible amoun#. 


Metuop USEp. 


In this investigation nearly all of the results were obtained by expos- 
ing petri dishes, which are circular glass dishes with vertical sides having 
covers similar in shape only large enough to fit easily over the sides, as 
shown in cut No.1. The dishes used for this work were one-half inch 
deep and three and a half inches in diameter, the bottom containing 
sixty-three square centimeters of surface. These dishes were washed, 
and sterilized by baking in an oven at a temperature of 140° C. or 284° F. 
for twenty minutes. Enough sterilized beef broth containing three- 
fourths of one percent agar was then poured into them to cover the 
bottoms of the dishes about one-eighth inch deep. The beef broth 
furnished the nutrient material for the growth of the bacteria, and the 
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agar caused it to solidify when cool, so that it would not run when the 
dishes were tilted. These sterilized dishes were filled with the sterile 
nutrient medium in a laboratory where the air was comparatively free 
from bacteria, so that the least possible contamination would take place 
during filling. The dishes were then held at a warm temperature for 
two days, so that if any were contaminated they could be easily detected, 
for in that time the bacteria would have developed into colonies large 
enough to be visible, and, of course, all dishes not sterile were rejected. 


Cur 1.—Prrri Disues FILLED witH NutTrRiENT Mrepium, READY TO BE EXPOSED. 


These sterile dishes were kept closed and carried to the place of 
exposure in a carrying case made for the purpose. An exposure was 
made, as shown in cuts 2 and 3, by placing a petri dish in a horizontal 
position, removing the cover for a definite length of time, then quickly 
replacing it. After being exposed, the dishes were returned to the labo- 
ratory, where they were held at a warm temperature for three days. 
Wherever a colony developed it showed that the dish had become con- 
taminated by one or more bacteria falling on the nutrient medium in the 
dish at the time of exposure, and by counting these colonies the 
number of places that bacteria had fallen on the medium was determined. 

That an accurate record of all exposures might be kept, the dishes 
were numbered consecutively as exposed, and the date, place, condition 
of exposure, and length of time exposed were recorded. 

In this work the basis taken was the number of colonies developed on 
sixty-three square centimeters of surface for a half-minute exposure. In 
some places the exposures were necessarily for a shorter time, or the colonies 
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would have been entirely too numerous to count. For example, under 
udders the exposures were usually for only five seconds, and the actual 
number counted in each case was multiplied by six to bring it to the 
basis of an exposure of thirty seconds. 

In this investigation 1,185 petri dishes were exposed. As the tables 
giving a complete record of these exposures are too extensive for publi- 
cation, and of little general interest, they were condensed by dividing 
the exposures into groups as far as possible and the average for each 


Cut 2.—Exposine Petri DisH 1In HANDS UNDER UppER DuriINnG MILKING. 


group is given. Averages were computed only when several exposures 
were made at the same time and under similar conditions. 

The first column of each table contains the laboratory number of the 
dish, or the first number of a group of dishes exposed at the same time 
and place, and the second column gives the date of exposure. ‘The first 
column at the right gives the number of exposures averaged, and the 
remaining column or columns the actual or average number of colonies 
‘developed. 


1903.] PREVENTING CONTAMINATION OF MILK. 221 


CHECKS ON THE WORK. 


As a further check against error and to learn whether petri dishes 
might become contaminated before or after direct exposure, certain tests 
were made. 

January 21, four dishes were carried in the barn for five minutes 
at @ brisk walk without removing the cover. Only one developed a 
colony, and that but a single one. On the same day one dish stood for 


Cut 3.—PertrI DisH CLOSED JUST AFTER BEING EXPOSED UNDER UDDER. 


twenty-five minutes in the barn and another was moved rapidly for five 
minutes through the dust arising from a pile of fodder freely agitated 
with a fork. Both covers were left closed, and neither developed a 
colony. 

Again, twenty-eight dishes stood covered for five days in the dairy 
building, and twenty-three or eighty-two percent remained sterile. 

March 10, five dishes still in the carrying case stood for one hour 
in the barn. These same dishes had been standing for five days in the 
dairy building. Only one dish developed a single colony. From all 
of which it is concluded that petri dishes are not subject to contam- 
ination even when in motion in a dusty barn except while the cover is 
removed. 
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TABLE 1.—BacTERIAL CONDITION OF OuTDOOR AIR. 


H g ss 
=e a > Colonies 
5, 9 e ie developed. 
om 4 Place and condition of exposure. ES 
a 6 on 
os 2 & | 83 | ad 
aes i) S| ee 
1897 , 
139: \-March 10° {°30 rd-fromany building 43... .0 mo.2 eae + ee 
176 | April 24 On post 6 rd. from barn, just after shower . ye ee 2: 
177 ng Same as No. 176, only at foot of post........ 2° 129 ue? 
227 | June 3 3 ft.trom ground een ewe ie eee ae 1a 4 
236 : 3 ft. from damp ground, no breeze .......... lobe 0 
237 rt - | Same as No. 236, only on ground, slight breeze | 1 | .. 80 
238 . Same as. No./237; only air quiet a7... ase 2 ger 3 
255 ‘ On post 6 ft. from barn, wind from barn ..... bas bare. 18 
256 5 On post, wind blowing across pasture ........ 1-1-2 wie 
257 a 3 ft. from ground, 1 rod east of barn ........ 1 4 
274 | July 2 On-ground, 1 rod’ east of barn’... 3..4.)-4 + 2 24 
276 fi Same as No. 274, only on post .............. 3 1% 
279 4 On SPROUT er ee eet ee ee as 2 5 
281 < Same as No. 279, only on post ........... oe 1 1 
325 | Sept. 14 On post;<) rod ‘east. ol<parnt, 1 2 ee ee 1 1 
326 < Same as No. 325, only on ground ........:.. 1 1 
359 a5 On post in dusty yard, wind from cows ...... 2 12 
398 | Oct. 28 In dusty yard, wind from grassy field.. ...... 4 17 
402 x In dusty yard among cows, no breeze ....... 4 86 
406 i In dusty yard after cows were let out......... 1 46 
1899 
613 | May 11 Gentle breeze, shower night previous ........ 144) eee 
634 | May 14 On-ground in barnyardi se eee 10 24 
639 * On ground in grassy pasture. ees oe 12 4 ees 
895 | June 3 On ground in‘barnyard ees een ce 10) | Seas 
905 4 On ground in grassy pastures... .0.........25 8 Beis 
917 | Sept. 16 On grond in. barnyard an me ee eee oder 63 
ANGTAO™ Ash SA em den tre: re mae cae 0.9 | 13 


Table 1 shows the average number of colonies that developed in 
petri dishes from exposures made at different times in the open field and 
in the barnyard. 

By referring to the column containing the results of exposures made 
in the open field, it is seen that the group averages range from 0 to 3% 
colonies, and that the average of the entire forty-three exposures was 
less than one colony. From the last column, which shows the results of 
exposures made in the barnyard, it is seen that the group averages range 
from 0 to 86 colonies, with an average for the fifty-one exposures of 13. 
colonies. Of the exposures made in the open field, fifty percent were 
sterile, while of those made in the barnyard only twelve percent were 
sterile, showing that the air in the open field was comparatively free 
from bactcria, while that in the barnyard, where the ground was bare 
and dusty, contained more. 


—-- 
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BACTERIAL CONDITION oF AIR IN Dartry Barns. 

The two following tables show the results from exposures made in 
dairy barns varying in their sanitary condition and care. They also 
show the effect upon the bacterial content of the air of the different 
common operations performed in dairy barns. 


TABLE 2.—Datry Barn No. 1. 


Frame barn, 30 x 50 ft., containing two rows of cows; tight floor overhead; 
plank floor under cows; dirt floor back of cows; cobwebs numerous. 


g i és 
= 3 3 
Ad Z 5 5 
Pd fe fe ‘o'3 
3 o Place and condition of exposure. b B 
E i 6 Rs) 
a < 3 
4 a ZA 
1897 
232 | June 15 Barn vacant, open, air still, floor dry .............. 5 
233 [ Barnvvacant,/open) air-still; floor dry... .. 4.040055 33 
234 f Tharayacan pee alr Stl soon Ory | fo 56% a dns + 19 
235 _ Barn vacant, open, air sul, floor dry .¥.:..°..6.... 50 
(eed 
he PNGVAS Cute BEETS ee A fee on fs sis B43 ko 27 
240 = PAG TEC WE WEEG CTT Aas Ue ed, yt ee ol eS 150 
241 ji PACE COWREWOTONCG AIO. Wie. ais a. alan d a's oem as 54 
242 a PSM TCOWSEWETOUGU II FR” fb l. kik ee ee ks ee et 44 
243 y. Hier cows wererew limea Wib ete ck incl ehs OU as 24 
Ce ee ee, Gn e Sb ei s S soe sen 68 
245 ‘3 After No. 240, in window, wind blowing out ........ 44 
246 5: Same as No. 245, only another window.............. 208 
PAGE ron”) eae Bary tava ty 2 itll tne ane ie 126 
247 f In window, opposite side, wind blowing in.......... 4 
248 s Same as No. 247, only another window ............ 44 
Rae see BSR SON See aan Dee ee 2 ae 24 
250 ‘! Back of cows, 3 ft. from floor, 30 min. after No. 240..| 34 
252 i Back of cows on floor, 30 min. after No. 240......... 36 
253 z 4 ft. from floor between two rows of cows .......... 150 
254 * OT CObe a i eee ae, Oe ioe se eae ae ah 718 


Datry Barn No. 2. H. B. GurweEr. 
Barn 50 x 60 ft., containing four rows of cows; cement floor, wooden stalls, 
sides and ceiling whitewashed. Milking in progress. 


332 Oct. 20 Middle of west end, cows eating grain and silage .... 2 
336 : NOPD DAVER rh COPDE CES cree tothe Vi Gik-oe he anion ee a 51 
337 K: Northeast corner, wind blowing in................. 16 
340 IN OE Vso COLDED aware Mtl) a Srvistccoevod tie ats aed os ete a eRe 37 
341 . OH GIPASUTCOLNETS Satins Cn nt ciitinn meni t GA pees) oe ee ES 29 
342 . NIC AIE Of; batik Sich nem ont Gaol Galt Save Ga. Fhe 23 
343 > INCA IGOR DAY ote cates cn wn eta A heres stlepigie Uae cua > 86 
344 ig Nidiilecon aiMiysedin Wan ttdc ei Neto o Ga) atone: 18 
345 2 Middle of barn, just after letting out cows........... 30 
346 i. Middle of barn, just after letting out cows........... 26 

! UVE REL EN Guat avait tute Ge eRe tat 2 hie On Fae ae 32 
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In Table 2 the result of each exposure is given, and the average of 
each group is shown in heavy type. 

June 15, when the barn had been vacant, but open for six hours, 
and the air was comparatively still out of doors, four exposures averaged 
27 colonies, for so much of the floor was dry and dusty that the air in the 
barn was far from sterile. After the cows were let in, four exposures 
averaged 68 colonies, indicating that letting in the cows had increased 
the bacterial content of the air two and one-half times. Immediately 
following these, two exposures in a window, wind blowing out, averaged 
126 colonies, which is nearly twice as many as were obtained from an 
average of four exposures made at different places in the barn just before. 
Two exposures in a window, wind coming in, averaged 24 colonies, show- 
ing that the air was not badly infected when entering the barn, but that 
_ it became so while there. 

Exposures Nos. 250 and 252, made back of the cows, showed 34 and 
36 colonies, while at the same time two exposures made in feed alley 
between rows of cows showed 150 colonies three feet from the floor, and 
718 on the floor, from which it appears that there were many more 
bacteria in the center than at the sides of the barn, and more at the floor 
than three feet above. 

From the results obtained in this barn we learn that with a dry and 
dusty floor the bacterial content of the air is high when the cows are in 
the barn, even though they are not brushed and no hay or bedding is 
moved. 3 

At the time the ten exposures were made in dairy barn No. 2, the barn 
was full of cows eating grain and silage and four men were milking. The 
number of colonies that developed in the different dishes ranged from 
2 to 86, with an average of 32. This difference was doubtless due to 
local conditions, as a cow switching her tail near the exposed dish might 
send myriads of bacteria into the air at that place. The low average 
shows that the air was comparatively free from bacteria for a barn full of 
cows and when milking was inprogress. ‘This condition was, no doubt, 
due to the fact that the barn was built and cared for in a most sanitary 
manner. An excellent system of ventilation was provided, the cement 
floor was scrubbed clean every day, sides and ceiling were whitewashed 
and no cobwebs were allowed to collect. 
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TABLE 3.—BACTERIAL CoNDITION oF AIR IN Datry Barn No. 3. 


Stone basement, 32 x 40 ft., containing two rows of cows; tight floor above, 
paved floor below; an inch of dusty chaff on floor; cobwebs numerous. 


i 


: S s 2 3 
ne o§ eo| 33 
ty 4 Bee > = 2 
Sx 2 g Place and condition of exposure. 3 f icc 
8 8 AS as o5 
8 
el 
1897 
351 Oct. 25 Just before cows were let in; barn vacant all day, 
SxcCept Ss CAINES IM ENO Gia ee mts a eee oes = sae io 5 
363 : Immediately after cows were let in............ Der hs 202 
371 2 elie at tere Ge Ure ae tent ele. St oP iste ees 6 192 
381] = 30 min. after No. 371, just after letting out the 
CONG re Ly ee I ek ns ee eo TS Ss 4 150 
387| Oct. 28 Covditions same ASiNG. SOLS. Wen c.sepea a oie wee + 6 | 126 
394 4 Window sill, slight breeze blowing in from empty 
Sp GEO) pM 2 SR ay rail OCU aN re 2 30 
396 : After No. 394, in open door, wind blowing out .. | 2 75 
408 . Same as No. 394, only 5 min. later, cows having 
been let in barn in meantime ............... 2 39 
410 F Same as No. 408, only in door on opposite side, 
Win DIOWIn Us dere there Sess ese es 2 66 
412 e 30 min. after cows were let in; exposures made in 
Hisierenipatie OF OAINU A Wl oe eye 8 8s 6 | 129. 
422 ne 30 min. after No. 410, in door wind blowing out. | 2) | 325 
424 ri 30 min. after No. 408, same window, brisk breeze 
blowing in from vacant yard ............... 2 ras 
426 5 min. after No. 422, in door wind blowing out, 
cows let out inpméantime..........5.i05.-. 2 | 321 
428 si In yard below window where No. 424 was ex- 
pie lee conl Loew A Bee inelaleteal aura yr tel ee eee 1 76 
Darry Barn No. 4, University oF ILLINOIS. 
a Be Tea 
73 Feb. 13 After sweeping and feeding, cows eating roughage 94 
78 ¥ 14 hr. after No. 73, a little bedding put in 20 min. | 4 
ROVE CUR a ae eka ve ao le eae Fee 5 72 
83 ie 20 min. after No. 78, 6 cows brushed in meantime | 2 | 692 
90} Feb. 23 After feeding chopped fodder and sweeping, dust 
Ee Pee wen Mac, decitct ak Unratsdvin gnats alot e's?» ales 6 84 
96 : AQ min. after No. 90; barn quiet in meantime, ex- 
cept cows eating .........-2 eee cnet ee eee 6 61 
104 "3 25 min. after No. 96; 13 cows brushed in mean- 
fee ier eee oie re eg le Bie 10 | 159 
121 March 10 | After feeding and sweeping; doors open, strong 
WIT TORU EOULOS waiidsl-lu cee eae oe Gs Ue ee 5 40 
127 e 1 hr. after No. 121, barn open in meantime, strong 
breeze from south ..........00- sees eeeeeees 6 84 
- 183 e 20 min. after No. 127; 10 cows brushed in mean- 
time, barn open, windy .........+++++++eee 6 44 


152} April 24 | Cows in, eating oat hay; barn closed and swept.. | 6 57 


158 1 hr. after No. 152; barn quiet except cows eating 
eee NR Re, GIS Site inlets. W holy a9 a5 4 | 119 

164 - 20 min. after No. 158; 11 cows brushed in mean- 
PATO a ics a lien aS Peake LEC apne lain ol aN 5 {131 


170 2 10 min. after No. 164; barn quiet in meantime.. | 1 53 
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TABLE 3.—BACTERIAL CONDITION OF AIR IN DatrRy Barn No. 4—Continued. 


Laboratory num- 
ber of group. 


a 
J 
fora) 


931 


282 


283 
284 


322 
497 
487 


500 


512 
516 


522 
524 


Date of 
exposure. 


Place and condition of exposure. 


June 3 


“ 


July 2 


July 10 


Sept. 14 
1898 
Nov. 30 


Cows in, eating hay; barn closed for 15 min..... 
20 min. ‘after No. 178; 8 cows brushed in mean- 


15 min. after No. 184; barn quiet in meantime .. 


Barn quiet, cows let in, all quiet 15 min.; small 
amount of bedding in stallg...< 38.2 .s care 
20 min. after No. 206; 11 cows brushed in mean- 


10 cows in, brushed, quiet 15 min., windows open 
on one side, no wind, damp outside.......... 


Cows in, bedded, and fed hay; no rain, and very 
hot. forslO. days oo. cc ore Siete a 


Milking in ‘progress’ <2.) iis. .8: a 


Barn empty, swept, and closed for 3 hours; snow 
on ground Srdayse tens ae ace bea eee 
10. min..after Nov AO. | cunts 6 ee 5 cea ee 
30 min. after No. 465; cows let in, fed chopped 
fodder; floor swept, dust slightly visible... ... 
30 min. after No. 465; cows let in, fed chopped 
fodder; floor swept, dust slightly visible... ... 
30 min. after No. 465; cows let in, fed chopped 
fodder; floor swept, dust plainly visible...... 
30 min. after No. 465; cows let in, fed chopped 
fodder; floor swept, no dust visible 7 ee 
1 hr. after No. 480; cows eating in meantime. 
10 min. after No. 488; 16 cows brushed in mean- 


Milking in progress; no hay moved for 1 hr.; barn 
open, slight: breeze Ge; en) y Bie ee 


On floor, south door of barn, slight breeze from 
south, 5 cows in barn. 


@. eee ee” le elne* a 26 Oe, te .at Oh viruses te ne 
6) a.'8 8 [6,9 yen win Bon ike 


6) 9 einige, a) ae 


3 ft. from cow being brushed ses 6. ee 


Feed room after corn meal was let down from bin 
above,-much dust-visible 71-0. 2. O Lee 


Feed room.after corn meal was let down from bin 
above, much dust visible 1.5 (4015. 5.2 
10 min aftertNo. 500-2, AG) Gee si oe 
Behind 8 cows just after being brushed 4 min.; 
less dust visible than at No. 500 ............ 
5 min. after: Nosdi1G sc. se once ce a ee 


Exposures 
averaged 


Colonies 
developed. 


276 


DIO do 


236 - 


151 


a 
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ABLE 3.—BACTERIAL CONDITION OF AIR IN Datry Barn No. 4—Continued. 


g 
ica 3u| 93 
° oO 
8 tb ae 2 Place and condition of exposure. i a ae 
EP) AR pe] 38 
a # Aé | 9-3 
1899 

566} April 13 | Behind cows, milking in progress............... 2 60 
592| May 11 Behind cows, milking in progress............... 4 84 
628 May 14 Feed room after musty corn meal was let down 

AULETTU OTN ESTERS S8 Bir Sieg tear cy ee 2 | 284 
630 EB Barn loft 3 min. after hay was moved, small 

BRIGUDLOL AUSCIVISIOLE gle Pa Fok ae at oy wiwie 4 74 
700| May 16 On floor back of cows, milking in progress....... | 8 84 
713; May 19 Barn loft after pitching hay, dust plainly visible. | 4 | 323 
717 < Same place as No. 713, 3 min. later........... 1 45 
725 2 Immediately after No. -717, on beam 8 ft. above. | 2 27 
721 & mame place as No. 717, 3 min. later :.......... | 22 
127 3 In feed room after corn meal was let down from 

bin above, dust plainly visible .............. 4 57 
731 - Pame place asyNo. 727, 3:min. later... 0.4.0... 4 15 
735 - Same place as No. 731, 3 min. later......-...... 4 12 
739| ~ . In feed room after bran was let down from bin 

above, dust slightly visible ................. 4 418 
743 ¥ Same place as No. 739, 3 min. later ........... 3 6 
830) May 28 On floor back of cows, milking in progress....... | 2 4 
832 In front of cows, milking in progress........... 3 11 
850} June 3 On floor back of cows, milking in progress...... 5 32 
885 “ After bran was let down from bin above, dust 

PIMC ATE t goats Maal nak iy sales as cue 5 | 114 
890 . @| Same place as No. 885, 6 min. later ........... 5 82 
927| Sept.16 | On floor back of cows, milking in progress....... | 4 19 


October 25 and 28, exposures were made in a barn that had 
been vacant all day excepting eight calves in one end. From the num- 
ber of colonies which developed it is seen that when the barn floor is 
dry and dusty, and cobwebs are allowed to collect, the bacterial con- 
tent of the air is high if there are animals moving about. In such 
zases the number of bacteria is increased but slightly by letting in the 
COWS. 

These results show that under normal conditions air which enters 
windows and doors is comparatively sterile, while that which passes out 
is badly contaminated. 

Barn No. 4 in Table 3 was the Ue dairy barn before 
gone remodeled. 
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The floor of the barn was swept each day and no cobwebs were 
allowed to collect. From the group averages, Nos. 268, 465, 471, and 
931, it is seen that the bacterial content of the air in the barn was low, 
even though the cows were in if they were quiet and no hay or bedding 
had been moved for some time. Immediately after bedding or feeding 
roughage the number of bacteria in the air was much greater, while an 
hour later it was reduced about one-third. There were occasional excep- 
tions to this, as in the three groups on March 10, when all door and 
windows were open. At the same time there was a strong breeze blow- 
ing, rapidly replacing the dusty air with air from out of doors, which 
was nearly sterile. 

To show the effect of having the barn ee November 30 all stock 
was let out, windows and doors closed, and the barn locked for three 
hours, after which an average of six exposures gave only one-half a 
colony; ten minutes later, after having moved about in the barn, an 
average of six exposures gave but five-sixths of a colony. This shows 
that when the air in the barn remains perfectly quiet for some time, it 
becomes comparatively sterile. 

Half an hour after letting in the cows and feeding and sweeping, one 
exposure, where dust was plainly visible, showed 412 colonies, and 
eleven exposures made at different places in the barn where there was 
no dust visible, averaged 151 colonies. These results show the number 
of bacteria that are in the air as a result of feeding and sweeping when 
the air was nearly sterile before. One hour later nine exposures aver- 
aged 84 colonies, showing that the dust and bacteria soon settled out of 
the air. Ten minutes later, sixteen cows brushed in meantime by two 
men, an average of two exposures gave 858 colonies, showing that 
brushing the cows had increased the bacterial content of the air over ten 
times. 

Even though the number of bacteria caught when the cows were 
eating hay was large, the increase caused by brushing the cows varied 
from a small amount in one case to over ten times the number in another 
case, the only exception being when there was a strong breeze blowing 
through the barn, for in such cases the results are especially uncertain. 

From the table it is seen that the number of bacteria in the air is 
greatly increased by brushing the cows, and it may also be noticed that 
the bacteria rapidly settled by allowing everything to remain quiet for 
from ten to twenty minutes. 

From the latter half of Table 3, beginning with exposure No. 322, it 
is seen that dust arising from different sources in dairy barns may be 
similar in amount and yet differ greatly in bacterial content. The 
average of four exposures made where dust from each of the following 

‘sources was plainly visible, contained colonies as follows: corn meal, 57; 
hay, 323; bran, 418, and from brushing cows, 764. It is seen from this 
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it dust which comes from brushing cows contains about twice as many 
bacteria as that from either hay or bran, and thirteen times as many as 
dust from corn meal. This is doubtless due to the fact that bacteria 
find on the cow a good place to develop, as both warmth and nutriment 
are present. The dust from hay comes from the external and exposed 
parts of plants, and since bran is from the external portion of the wheat 
kernel it is natural that the dust from these be heavily laden with 
bacteria, as the exposed parts of all plants are more or less covered with 
these organisms Since the great bulk of corn meal comes from the 
inner portion of the kernel, which is sterile, it is not strange that dust 
from fresh corn meal contains but few bacteria compared with that from 
other feeds. The two exposures in dust from musty corn meal, in group 
No. 628, averaged 284 colonies, while an average of four exposures in 
fresh corn meal gave in one case 57 colonies, and in another 44 colonies, 
showing that dust from musty corn meal contains bacteria in much 
larger numbers than dust from fresh corn meal, as bacteria multiply 
greatly during the process of fermentation. 

Exposures made a few minutes after a dust had been raised showed 
in each case that much had settled from the air, and that where 
there was no movement to keep up a dust, the air soon became compara- 
tively sterile. 


TABLE 4.—BaAcTERIAL CONDITION OF EXPERIMENTAL MILKING Room, UNIVERSITY 
oF ILLINOIS. 


f 2 ee se) 
PE i ag | Ug 
a ® Place and condition of exposure. Hi | 22 
eo S n® qo 
Ok ® 5, = 
cr 3 x | 8 
4 A ca 
1897 
257 June 25 Floor damp, sides dry, window open, damp out- 
GREEN ARES alas Nad eae Natal nate as bb 4 0 
261 July 2 Window closed, cloudy and damp............. 7 18 
289 July 10 Small window open all day, slight breeze....... 4 63 
295 ft 5 min. after No. 289, sides and ceiling sprinkled 
Wath. Hose. In MGCANUDIC.§. (2-5 sta ss 3 11 
300 * Cow being brushed 3 ft. distant ............... Le 6LFA 
301 * After cow had been brushed 4 min. and removed ; 
room CTS Ria IP eye gies are aaah ae Dhak 2 147 
305 re 30 min. after No. 301, room quiet and closed 1 in 
bavescse URS EA OYs Se GREAGe Meat Pity. ge ORMURE Se 0 ADE er Bed ot 3 54 
429 Nov. 13 After room had been closed 6 hours ........... 6 5 
435 is 10 min. after No. 429, just after sprinkling sides 
pod and ceiling wath bosen. 2s ey dei bist wie S32 6 19 
441 “ 50 min. after No. 4385, room closed in meantime..| 6 43 
447 “a 2 min. after No. 441, cow brought in and brushed 
diac s bay p an og Layee tex Ee gin eA AL ea dt rea 2 262 
449 * After cow had been brushed 4 min. and removed 
LLOM POOUN ie easy ne cres a denen tok ad + 32 
453 ie 3 min. after cow had been removed........ Na 2 11 
455 ¢ Rem alters NOekOG nr ce 5 ote Sau F8o aus does’. 6 3 
461 a SAE GILEr ING, S00; Cte ot ak ict eet os Bae 2 0 
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The results of exposures, shown in Table 4, were obtained in an 
experimental milking room where the conditions were more completely 
under control than in the barn; the purpose being to determine the con- 
dition of the air in a room that had been vacant for some time, also after 
sprinkling the sides and ceiling with a hose, immediately after brushing 
a cow, and at frequent intervals thereafter. 

From this table it is seen that June 25, when the floor of the milking 
room and the outside air were damp, four exposures were sterile, and 
July 2 seven exposures averaged 1% colonies. 

A series of exposures was made under varying conditions July 10 
and November 13, and from these it is seen that somewhat fewer 
colonies developed upon entering a room than after thoroughly sprink- 
ling the sides and ceiling with a hose, as the force of the water seemed to 
raise a slight dust. This, however, settled rapidly, for as soon as the 
dust touched any wet surface it adhered to it. July 10 a cow was 
brought into the nearly sterile air of the room, brushed four minutes, 
and removed, when exposure No. 300 was made and 6,174 colonies 
developed. An average of two exposures, group No. 447, made after a 
cow had been brushed one minute, gave 262 colonies, showing again 
that the dust which comes from cows is heavily laden with bacteria. It 
is noticed in both of these cases that the dust rapidly settled when the 
room remained closed so that there were no currents of air, and in the 
course of half an hour the air was practically free from bacteria. 


TABLE 5.— BACTERIAL CONDITION OF AIR IN Datry Rooms, UNIvERsITy oF ILLINOIS. 


4 5 2 i Colonies 
a6 5 > developed. 
ie) 
Pe eG Wr ee 
s = Place and condition of,exposure. 52 He 
a ‘ 6° | gg | 88 
a3 : p peg 
e A ) Fa 5 a tl 
1897 
10° | Jan. 13 Onitable 8 ci ea ey 2 15 ¥ 
11 e Cnitable>: /o4 1 pee eee ee 2 “a 4 
12 . On-table, milk cooling. 95, Se sees 2 0 
175 | April 24 | On table, room closed for 30 min...... 2 
327 | Sept. 14 | On table, milk cooling .............. 3 ws 4 
330 s Qn. table «25.4 )s50 sees Vee a ee 1 14 ae 
1899 
621 | May 11 On table, room empty .............. 24 ay 
625 % On table, room empty .............. 18 4 
708 | May 16 On table when bottling milk.......... 5 24 
913 | Sept. 16 | On table when bottling milk.......... 4 | 4 


Table 5 shows the average number of colonies developed from expo- 
sures made in dairy rooms which have cement floors and painted sides 
and ceilings. From the three exposures made in the front room, which 
is used both as an office and separating room, the average number of 
colonies developed was 15. In the bottling room everything is kept 


a 
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\ : 
TABLE 6.—COLONIES DEVELOPED FROM EXPOSURES UNDER UDDERS IN VARIOUS 
CONDITIONS. 


Average number 


6 n : Average number of coloni a . 
i. = of aaa de- coped’ oles Sriadt betore ie B 
2 o = different udders. etter treatment. 5) 
g 5 ad oC 
ag iS S b a 
bo af ; Z| 3 
5 8 3 tue 3 3 = = rod Ce 
z % Pees ee cde Caen oe tS] 8 
9 ) g S a Ree | m8 no aa! 
3 eS 5 e EB < 3 5 3 
H A A =) = fa < fa < 2 
1897 
198 May 4 3 486 “es 
313 Sept. 14 3 era ra MAS 
319 ae 3 LOS LAltietan \ Weee : nea f 
331 Oct. 20 3 Rese ZOO 18 2e. ig ee 
526 Dec. 8 8 we 2913 ee 
534 a 4 ae. 90 
1899 
538 April 13 16 470 mee ae 
554 n Ww a 133 ea 
566 n 2 a he esi 60 
568 | May 11 6 421 aie: ee 
574 : 6 ae 226 ate 
580 6 211 MRS - 
586 ; 6 ee 88 - 
592 - 4 at Neier 84 
651 May 16 5 230 sae at 
656 ; 4 oon 25 
671 fe 4 157 eae 
676 Re 10 ect: 72 
686 4 3 372 Saket 
690 a 8 aie 152 2) 
700 - 8 ue a 8i 
746 May 23 5 25 A? es 
751 : 10 tga 48 
761 . 5 90 - Pe 
766 . 10 Bee i 
776 ‘ 4 127 eeecd 
781 z 9 -] oF 58 sat 
791 : a Sib ee 6 
793 May 28 4 144 
799 ; 10 ras 286 
811 # 5 116 eae: as 
817 3 9 269 hah ioe 
$30 * 2 Bae rey 4 
835 | June 3 15 33 Foe 
850 = 5 pg FE | Re 3 
855 * 15 20 an 
870 . 15 27 Ay Ags 
920 | Sept. 16 3 Paes: 23 
923 ¥ 4 56 eh Shines 
927 ‘ 4 era 19 
1901 
943 June 5 4 apts 2301 ab Ae 
: 947 . 8 we UES, 503 
955 a‘ 3 1756 or Care 
958 ie 6 ae 512 vee tet 
964 June 14 2 mrt ane 1614 Boies 
967 a 2 Ries 291 
_ 973 , 2 1026 a ee 
976 “ 4 eects 369 
996 | June 22 5 1586 
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TaBLE 6.—CoLONIES DEVELOPED FROM EXPOSURES UNDER UDDERS IN VARIOUS 
ConpDITIONS.—Continued. 


Ss n Average number Average numbe olonies devel- . 
ts 5 of sas A eoads mei a ee aie et 3 
a 3 @  |different udders. after treatment. 5 
a ae He E 
> 8 e a igh ae a | E 
chalk pa | 2 | a | 8g 1) or 
; ; | 2 | a | 2 | eB) Fadl oe ee 
a a4 g E : ) a O-a 0.9 
5 = z S BY Ht re ‘3 2 iH 
R A A p e cs < fA <4 % 

1001 June 22 10 ta. ok seat Es 346 

1011 N 4 1401 Ao fie 

1016 June 24 5 SN Meret ae an) oo aah Y 482 se 

1021 _ 10 Perak eee eA ch = gh oie 118 

1031 be 4 ape Wee comec he ¥ Ye ee 120 Rs 

1036 a 10 eb he pes rane oe 123 

1046 = 5 Brera 5 Seer a Pee ante 202 on 

1051 10 Mae Ai eens # Le ete ME? mS ye 133 

1061 A 5 94 ee 

1066 ¢ 8 aa 229 

1095 June 27 5 266 ee 

1100 s 9 ioe 421 

1110 = 4 114 ane 

1115 bg 9 Pk, 262 

1125 * 3 448 a 

1130 % 8 jee 193 

1140 June 28 329 Fo 

1145 . 10 mae 191 

1155 4 849 Jed tie 

1160 “f 9 am ed OPS 

1170 . D : 314 ee 

1175 a 10 | Bae 407 

Number of exposures 
averaged... Siseiniend 26 42 74 103 58 117 27 

OTA CG AG ts) s Sea ae 362 83 615 148 630 |. 270 12 


scrupulously clean, and the floor is usually damp, thus keeping the 
greater part of the dust out of the air."* Sixty exposures were made in this 
room at different times of the year, and the average for the total number 
was one-third of a colony. More than half of all colonies developed from 
the bottling room were from five exposures made when bottling milk; 
forty-seven of the sixty exposures in this room were sterile. In other 
words, a dish would have to be exposed an average of one and a half 
minutes to catch one bacterium. In an atmosphere as nearly sterile as 
this, milk becomes contaminated very slowly, even where a large surface 
is exposed, as in passing over a cooler. 

To learn something of the amount of contamination that takes place 
during milking, and how much this may be reduced by washing the 
udders, 420 petri dishes were exposed under washed and unwashed 
udders. The average number of colonies developed from exposures 
made under washed udders was 192 and under unwashed udders 578, 
or three times as many. The group averages from these exposures are 
shown in Table 6. 


w 
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As a rule, washing udders makes a marked reduction in the number 


of colonies developed from exposures made under them. This difference 
is much greater in some cases than in others. The most noticeable 


Cur 5.—INn Mip-wintEerR. PROPERLY CLEANED(TO, PREVENT ALL} POSSIBLE 
' ~ CONTAMINATION 


difference was obtained December 8, when an average of eight expo- 
sures, No. 526, showed 2,973 colonies before washing, while an average 
of four exposures made under the same udder after washing showed only 
90 colonies. In other words, the contamination which took place‘in this 
instance was thirty-three times greater before washing than after. 

In a few cases a less number of colonies developed ‘from exposures 
made under unwashed udders than from those made under the same 
udders/after washing. A possible explanation:for this is that dirt from 
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the unwashed udders fell in larger particles, and thus the dishes were 
contaminated in fewer places, although a greater total contamination 
took place, for a colony developed on a petri dish may have originated 


Cut 6.—AFTER A Run or THREE WEEKS ON PASTURE. IMAGINE THE SOURCE OF 
CONTAMINATION DURING WINTER. 


from a single bacterium or from a particle of dirt large enough to be seen 
with the naked eye and containing thousands of bacteria. 


It should be borne in mind that the udders used in this experiment. 


were not only apparently clean, but they had been washed regularly each 
day before milking, and in all probability there was much less dirt 
adhering to them than to udders that had never been washed. With 
soiled or muddy udders, such as are frequently found in dairies, the 


benefits derived from washing are much greater than these results show. 
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Weicut oF Dirt wHicH FAauus Into MILK DURING MILKING. 


The results shown in Table 7 were obtained for the purpose of deter- 
mining by weight the amount of filth which falls into milk during the 
process of milking, and how much this may be reduced by washing the 
udders. 

After several trials with three different milkers on thirty cows, it was 
found that it required an average of 44 minutes to milk a cow. A glazed 
dish, eleven inches in diameter, the size of an ordinary milk pail, was 
held under a cow’s udder 44 minutes, while the milker went through 
motions similar to those made in milking, but not drawing any milk. 
The amount of dirt which fell into the dish during the operation was, of 
course, approximately the same as would have fallen into the milk during 
the milking process. The dirt caught in the dish was then brushed into 
a small glass weighing tube, such as shown in cut 9, the udder washed, 
and the process repeated. Both tubes were then placed in a desiccator, 
and after drying twenty-four hours to remove moisture, were accurately 
weighed in a chemical balance. 

It will be noticed that the weight of dirt which fell from udders 
varied greatly when there appeared to be the same amount on them. 
The reason for this is that the amount of dirt which falls from a clean, a 
soiled, or a muddy udder depends upon the character of the dirt, the 
amount of hair on the udder, its shape, the length of the teats, etc. 

Seventy-five trials were made at different seasons of the year with 
three classes of udders, those apparently clean, soiled, and muddy. 
With udders that were apparently clean, it was found that an average of 
34 times as much dirt fell from the unwashed udders as from the same 
udders after they were washed. With soiled udders the average was 18, 
and with muddy udders 90 times as much dirt from the unwashed as 
from the washed. 

The average weight of dirt falling from muddy udders during the 
time of milking was found to be .8831 of a gram. Since in one ounce 
there are 284 grams, an ounce of dirt would fall into the milk for every 
32 milkings. From a year’s records, kept by the department of dairy 
husbandry, of eight herds containing 144 cows, it was found that one 
gallon, or 82 pounds, was the average yield at a milking. On this basis, 
in 32 milkings, 275 pounds of milk would be produced containing one 
ounce of filth. With the same udders after they were washed, 24,030 
pounds of milk, or 90 times as much, could be obtained before the} 
amount of filth it contained would reach one ounce. This shows the 
decided advantage, in the production of clean milk, of washing the 
udders before milking. 
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Cur 9.—Prrri Dish, SHowrnG CoLONIES DEVELOPED FROM EXPOSURE DURING 
MILKING IN WELL-KEPT Datry Barn. 


TABLE 8.—AVERAGE NUMBER OF COLONIES DEVELOPED FROM EXPOSURES MADE IN 
DIFFERENT PLACES AND Time MILK WOULD HAVE TO STAND AT THOSE 
PLacES TO RECEIVE AS MUCH CONTAMINATION FROM THE 
AIR AS IT WOULD UNDER AN UNWASHED UDDER 
DURING THE 44 MINUTES OF MILKING. 
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After brushing cows............ 38 307 8 
Under apparently clean unwash- 

ed “udder sr5ce vas eee 158 578 44 
Under washed udder .......... 262 192 14 


Bottling 760m 24 eee eee 4 
Dairy front room, 2) erence 3 15 173 


eo?) 
i=) 
jn 
aI 
oO 
i=) 
es) 
Or 
Colbo 


1903.] PREVENTING: CONTAMINATION OF MILK. 245 


Cur 10.—Prrri Dis, SHowrna CoLONIES DEVELOPED FROM EXPOSURE DURING 
MILKING IN Poorty Kepr Datry Barn. 


CONCLUSIONS. 


The results of the work described in this bulletin are of vital impor- 
tance to the practical dairyman, as they show that extreme cleanliness 
is absolutely essential to the most successful dairying. 

Fable 8, which contains averages of all exposures made in different 
places, shows where and under what conditions milk becomes contami- 
nated most rapidly, and that the bacterial content of milk may be 
greatly reduced by a few simple precautions easily carried out in any 
dairy. The nearer the ideal condition is reached, the fewer bacteria in 
the milk, and the more wholesome will be not only the milk itself, but 
the products made from it, and the better their keeping quality. 

From exposures made out of doors it was found that air in the open 
‘field was nearly sterile, since an average of less than one colony devel- 
oped for each half-minute exposure, while in the barnyard an average 
of 13 colonies developed in the same time. ‘This increase over the num- 
ber in the field was doubtless due to the fact that the ground in the 
barnyard was bare and dry, and the cows moving about created a dust. 

In a well-kept dairy barn, where the floor was swept clean and no 
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cobwebs were allowed to collect, 32 colonies developed from exposures 
made when milking was in progress, and in a poorly kept barn, where 
there was much dust on the floor and cobwebs were numerous, 168 colo- 
nies developed, or five times as many. This shows the decided advan- 
tage of keeping the dairy barn as clean as possible. ; 

To show the effect of having everything in the milking stable quiet 
for some time, the University dairy barn was swept, after the cows were — 


Cur 11.—Prrri DisH, SHowine CoLonigs DEVELOPED FROM EXPOSURE 
UNDER APPARENTLY CLEAN UNWASHED UDDER. 


let out, and closed for three hours; exposures then made showed an 
average of less than one colony. 

When the cows were in, but before feeding, 46 colonies developed for 
each half-minute exposure; immediately after feeding roughage 109 
colonies developed, and after brushing the cows the number was 
increased to 307. These results indicate that feeding roughage and 
brushing cows greatly increase the bacterial content of the air. Such 
operations, therefore, should not take place immediately before milking, 
but some time should intervene to allow the dust to settle. ° 

By far the greatest source of contamination in milk is the cow her- 
self, and the greater part of this contamination comes from the udder, 
unless that is washed before milking. The one hundred fifty-eight 
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exposures made under unwashed udders averaged 578 colonies, or three 
times as many as the average number developed from exposures made 
under the same udders after washing. Table 7, giving the weight of dirt 
caught under udders in different conditions, shows that three and one- 
half times as much dirt fell from apparently clean unwashed udders as 
from the same udders after washing. Thus it is seen that in the case of 
apparently clean udders the ratio of the weight of dirt caught corre- 


Cut 12.—PrtTri1 Disa, SHowina COLONIES DEVELOPED FROM EXPOSURE 
UNDER WASHED UDDER. 


sponds very closely with the ratio of the number of colonies developed 
from exposures under washed and unwashed udders. The amount of 
contamination from soiled or muddy udders was not determined from a 
bacteriological standpoint; the benefit derived from washing such udders 
was determined only by the comparative weights of dirt caught under 
them. With soiled udders the weight of dirt was eighteen times greater 
from the unwashed udders than from the same udders after washing, and 
with muddy udders it was ninety times greater. 

In the University of Illinois dairy rooms, which have cement floors 
and painted sides and ceilings, there are comparatively few bacteria in 
the air. This is especially true of the milk bottling room, where the floor 
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is frequently scrubbed, and is usually damp, as an average of sixty expo- 
sures showed only one-third of a colony. 

From the averages in the preceding table it is seen that the amount 
of contamination that milk receives from the bacteria of the air falling 
into it, depends entirely upon the conditions under which it was 
exposed. The table also shows the length of time it would take milk 
exposed in the pail to receive the same amount of contamination at the 
designated places that it gets from an unwashed udder during milking, 


Cur 13.—PrtTri DisH, SHowINa CoLONy DEVELOPED FROM EXPOSURE IN 
MiLtk BorrLtine Room. 


which time was found to be 44 minutes. Since an average of 578 colo- 
nies developed on sixty-three square centimeters of surface for every 
half-minute exposure under an unwashed udder, in 44 minutes the 
number would have increased to 5,202. In the milk bottling room an 
average of one-third of a colony developed on a like area for every half- 
minute exposure, or two-thirds per minute. A pail of milk would, there- 
fore, have to stand exposed to the air in this room 7,803 minutes, or 
more than five days, to receive as much contamination as it would 
under an apparently clean unwashed udder during milking. This 
emphasizes not only the great importance of washing the udders before 


~ al ag LIB leat! ay mm 24s V 4441 2 I NANA 2 49 oe eI RN V<—e ath 4 dishe ad A 


milking, but also of having the dairy rooms and all surroundings as clean 
and the air as free from dust as possible wherever dairy products are 
handled. 

An effort was made to determine the different species of bacteria that 
gain access to milk, but in the present state of development of the science 
of bacteriology, this is difficult to do satisfactorily. For the practical 
dairyman it is sufficient to say that a majority of the forms found grow 
readily in milk. Many of the species produce visible changes in milk, 
such as curdling or peptonizing, while others affect the flavor. 

It should be borne in mind that a great majority of the species of 
bacteria that gain access to milk do not possess the power to produce 
disease, and are not injurious to healthy adults, although many. of them 
are likely to produce disorders of digestion in infants and invalids. 

Paying special attention to cleanliness in every step of the production 
and care of milk will result not only in clean milk, but in a marked 
reduction in the number of bacteria it contains, which will greatly 
lengthen its keeping qualities. That the desired results may be 
obtained, care must be constantly exercised. It is of little consequence 
to practice extreme cleanliness in all of the steps of milk production but 
one, and be filthy about that one, as this spoils the whole. Even if the 
majority of species of bacteria which ordinarily gain access to milk are 
not dangerous to health, no one cares to consume milk in which a sedi- 
ment is found at the bottom if it is allowed to stand for a short time. 
Frequently much filth is allowed to get into milk during milking, and 
many milkers practice the filthy habit of keeping the teats wet with milk 
during the milking process, yet after it is drawn the greatest care is 
exercised that no dust or dirt gain access to it. As far as the final result 
is concerned, all painstaking care in the subsequent operations is lost 
because of the careless work at the beginning during the process of 
milking, for if filth once gains access to milk, no amount of care after- 
wards can remedy the difficulty. It is, therefore, of the greatest impor- 
tance to the advancement of better dairying that special emphasis be 
placed upon the operation where milk is liable to receive the most con- 
tamination. The work reported in the preceding pages shows that the 
greatest source of contamination in milk, as ordinarily produced, is the 
cow herself, and this is doubly important because it is the source which 
is given the least attention in actual practice. 
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InTRODUCTION.—Owing to the many evils resulting from the use of | 
impure milk, the public has recently taken special interest in the subject 
of city milk supply, and because of this interest Bulletins 91 and 92 are 
published at this time. Page 253. 

THE ConsuMER’s INTERESTS.—The consumer is interested in having 
milk of a known composition, free from germs, clean, of good flavor, 
thoroughly cooled, and held at a low temperature. Page 255. 

CARE OF THE YARD.—A yard sloping from the barn and covered with 
gravel or cinders is an important factor in the production of clean milk. 

Page 255. 

Tue STABLE.—This building need not be of costly construction, but 

it should be arranged with a view to cleanliness and the comfort of the 


cows. Page 255. 
Light AND VENTILATION.—An abundance of light and fresh air is 
necessary to the economic production of wholesome milk. Page 258. 


ADVANTAGES OF WHITEWASH.—Whitewashing the stable at least once 

a year will aid greatly in keeping it in a sanitary condition. Page 258. — 
CLEANLINESS IN MiLk1na.—Milk, as ordinarily produced, gets the 
greatest amount of contamination from the udders. Washing them 
before milking will do much to prevent this. Page 259. 
Care OF M1LtK.—Cooling milk to 50° F. or below as soon as it is drawn 
checks the action of bacteria, thus adding to the keeping quality of the 
milk. Bottling milk at the dairy prevents contamination during delivery 
and subsequently. Page 259. 
Care or Datry Utensits.—Thoroughly washing and sterilizing dairy 
utensils after each using adds to the safety and keeping quality of milk. 
Page 262. 

SranDARD Mitx.—Milk having a‘certain known composition, and 
sold on the basis of its food value, is known as “standard” milk. Page 263. 
STANDARDIZING MiLK AND CrEAM.—This process consists in adding 

or removing an amount of butter fat necessary to bring the percent to 


the desired standard. Page 263. 
CeRrTIFIED Mitk.—Standard milk produced under sanitary conditions 
certified to by the producer is called “certified” milk. Page 267. 


CoNsUMER’S RESPONSIBILITY.—Keeping milk cool and protecting it 
from dust and odors after delivery is of as great importance as its proper 
production. Page 270. 

ImprRovine ConpiTions.—By adopting as many sanitary methods as 
possible, and gradually increasing them, a steady progress will be made. 

Page 270. 

NEED oF INsPEcTION.—Judicious inspection would be of untold 
advantage to the consumer and of decided benefit to the better class of 
dairymen, and they should at once take active steps to have such a 
system instituted. Page 272. 


Clavel Takes GER ILY’. 


By Wiper J. Fraser, Cutnr In Datry Husspanpry. 


INTRODUCTION. 


The statements made in this bulletin are the result of seven years’ 
experience in conducting a sanitary dairy at the University of Illinois, 
where the milk is bottled and delivered for direct consumption. They 
are also the result of investigations in the contamination of milk reported 


in Bulletin No. 91. Both of these bulletins and Circular No. 73 are 


published at the present time because of the recent interest manifested 
by the public in city milk supply. 

The methods commonly employed in the production of milk are so 
faulty, and the evils resultihg from the use of impure milk so numerous 
and of such a serious nature, that every one interested in the public wel- 
fare should be anxious to bring about an improvement. In many cities 
and towns of the State, much attention is paid to the water supply, and 
large sums of money are expended in obtaining good and pure water; 
yet in most cities no attention is given to the quality of milk 
furnished, which to many, especially the children, is of even greater 
moment than the water supply. In but few cities of the State is it 
possible to get a regular supply of milk that has been produced under 
really clean conditions, thoroughly cooled and bottled in a proper manner, 
and which parents feel sure is safe for infant feeding. Among the reasons 
why a reform should be instituted are the following: 

No other article of food is so generally used by all classes of people. 

About one-third of all the milk produced by the 17,000,000 cows in 
the United States is sold for direct consumption, and much of it is con- 
sumed in its raw state. 

No other food is more healthful and economical than milk when pure, 
and none is more dangerous to health when carelessly handled. 

Milk being an opaque liquid, its quality and cleanly condition cannot 
be easily detected by its appearance. 

Many infants and invalids subsist almost, if not entirely, upon milk, 
and it is of vital importance that milk for such persons be as pure and 
free from bacteria as possible. 

Milk is an-ideal medium for the growth of germs; because of this fact 
it is especially important that it be handled with the greatest care so 
that no disease germs may be allowed to gain actess to it. 

Since the invention of the Babcock test and the cream separator, 
dairymen can easily standardize the milk and cream they sell, and 
should be required to do so. 

253 
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To secure desired results care must be exercised at every step of milk 
production and delivery. There is little use in observing all but one of 
the precautions here suggested for the production of high grade milk, as 
this one neglect spoils the whole. 

Even by exercising the greatest care in the production of milk, it 
cannot be secured in a commercial way from the cow, germ free. It is 
for this reason that it must be protected from further contamination and 
kept at a low temperature during delivery and subsequently, or the 
bacterial content will soon be enormous. 

The efforts that have been made to induce dairymen to use more 
sanitary methods in handling their milk have often resulted in failure. 
One important reason for this is not hard to find, for milk cannot be 
produced under sanitary conditions as cheaply as in the common slovenly 
manner, and when the price of the product is raised, the consumer, not 
appreciating the added value to himself, often objects to paying the 
advanced price. This naturally discourages further efforts toward 
improved methods in production. When consumers insist on having 
milk of known quality and purity, and are willing to pay a slightly 
advanced price for it, such milk will be supplied. 

If its true food value were more fully appreciated, milk Teale be 
used much more freely than it now is, to the advantage of both the health 
and economical sustenance of the people. A quart of three percent milk, 
costing five cents, will furnish about the same amount of nutrition as 
three-fourths of a pound of meat, costing nine cents; yet people invariably 
consider milk something of a luxury, and think they are economizing by 
restricting its use as much as possible, although they buy meat freely, 
considering it one of the necessities of life. Few people realize that the 
elements needed to nourish the body may be obtained from milk more 
cheaply than from meat, and that milk takes the place of other foods, 
thus diminishing the quantity of other food needed. 

The public has long been defrauded by dishonest and unscrupulous 
milk dealers, and has suffered from the slovenly methods of the careless 
dairyman. ‘The honest dealers who furnish clean milk have been and 
are still having a hard fight with dishonest competition and the indiffer- 
ence of the public. The most effective remedy for this difficulty is for 
the public to patronize those only who furnish a good grade of milk, and 
are willing to guarantee it. 

It is the aim of this bulletin to bring the consumers and the better 
class of dairymen together; to show both the importance of handling 
milk in a cleanly, sanitary manner; also to present to dairymen improved 
methods of handling milk and delivering it to the vast number of people 
living in our cities. There is yet much to be learned along this line, but 
certain facts are well established, and it is of these that this bulletin is to 
treat. 
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Tur CONSUMER’S INTERESTS. 


The consumer is especially interested in five things in connection with 
his milk supply, and for these the producer should be responsible: 

First, that the milk be clean. 

Second, that the milk keep at least twenty-four hours after being 
delivered to the consumer, if held at a temperature of 60° or below. 

Third, that the flavor of the milk be not injured by improper feeding, 
careless methods in handling, or by the development of certain species 
of bacteria which cause bad flavors. 

Fourth, that the milk be not injurious to health; that it contain no 
disease-producing germs or any form of preservative. 

Fifth, that the milk have a certain known composition which is 
uniform from day to day. 

The consumer has a right to demand that milk furnished him meets 
the above requirements, and unless it does, he should refuse to take it. 

In order that milk may conform to the above requirements, the fol- 
lowing suggestions as to the care of the barn, cows, dairy, utensils, etc., 
must be carried out. 


CARE OF THE YARD. 


‘In the production of clean milk no one thing is of more importance 
than keeping the cows out of the mud and filth of a dirty barnyard. 
The yard should be graded to slope gently from the barn, and should be 
covered with gravel or cinders sufficiently deep to form a hard surface. 
In this way the cows will be kept out of the mud, thus preventing their 
bellies and udders from becoming soiled. 

It is advisable to haul the manure directly to the field from the barn, 
but if this is not feasible it should be removed at least one hundred feet 
from the barn. In no case should it be allowed to accumulate against 
or near the dairy barn, and no swine pen should be nearer than two hun- 
dred feet, since the odors are readily absorbed by milk. 


BARNS AND STABLES. 


- Costly barns or stables are not essential to the production of clean 
milk or to the maintenance of a dairy herd at its highest efficiency. - To 
obtain the best results, it is important, however, that the cows be kept 
comfortable at all times, To do this there are several essentials with 
which a barn must be provided. It must have a roof that does not leak, 
sides that do not allow the wind to blow eroneh and doors that will 
close tightly. 

It is of the utmost importance in keeping cows clean that the plat- 
form on which they stand be of the proper length. If it is too short, the 
cows cannot lie down comfortably, and if too long, the droppings will fall 
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on the rear of the platform and the cows will become soiled when lying 
down. As cows vary in length, the platform should be longer from the 
manger to the gutter, at one end of the barn, and gradually taper to six 


or eight inches shorter at the other end. When large herds are kept, the 


platform on one side of the barn may be longer than on the other side, 
and the cows arranged accordingly. A still better arrangement is some 
form of movable manger so that the length of the platform can be 
adjusted to suit each individual cow. With this arrangement all can be 
lined up on the gutter, which will be a great help in keeping the cows 
clean. 

LIGHT AND VENTILATION. 


Two things almost universally lacking, or at least inadequately sup- 
plied in dairy barns, are light and pure air. These are easily obtained, 
and although absolutely essential to the best health of the herd and the 
economic production of clean milk, they are rarely appreciated. There 
should be from three-fourths to one and one-half square feet of glass for 
every linear foot of outside wall in a dairy barn. 

Many barns are not provided with any system of ventilation what- 
ever, as but few dairymen realize that pure air is just as essential to the 
economic production of untainted milk as is the feed a cow consumes. 
Digestion and assimilation, like the burning of coal in a stove, are pro- 
cesses of combustion. The stove may be filled with coal, but if the 
drafts are kept tightly closed, the coal will not burn, as sufficient oxygen 
is not provided. Neither can a cow’s feed be properly digested and 
assimilated without an abundance of oxygen, and unless this is supplied, 
a great waste of food, as well as impaired health of the cow, will result. 

Much has been said about the number of cubic feet of air space that 
should be allowed for a cow, but this,is of little consequence in comparison 
with the more important question of ventilation, or change of air. In 
order not to get a greater degree of impurity in the air than is permissible 
with good results, each cow should be supplied with 3,540 cubic feet of 
air an hour. The size of the ventilating flues to be provided will 
depend upon the number of cows in the stable. About two feet square 
is a good size, and if so constructed as to cause the air to move three 
hundred feet a minute, this will furnish ventilation for twenty cows. 


Two flues this size would be sufficient for forty cows, and five would be — 


required for one hundred cows. 


ADVANTAGES OF WHITEWASH. 


To be sanitary a dairy barn should be whitewashed at least once a 
year. An interior like the one shown in cut 3, with a few boards laid 


overhead at irregular intervals, with hay hanging through, and with the - | 


sides and ceiling in no better condition, cannot be properly whitewashed. 
The ceiling should be tight, excluding all dust and chaff from above, and 


j 
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the sides should be smooth, thus affording a firm surface to which the 
whitewash can cling. 

Whitewash is one of the cheapest disinfectants, and can be easily and 
rapidly applied with a spray pump. It must be carefully strained 
before using in the pump, as any lumps will clog the spray nozzle. 


CLEANLINESS IN MILKING. 


In the production of milk for direct consumption, it is imperative 
that the udders be clean before milking, as it is from soiled udders that 
milk as ordinarily produced gets the greatest amount of contamination. 

In Table 7, Bulletin 91, is given the weight of dirt which fell from 
washed and unwashed udders during milking. From this it is seen that 
with udders that were apparently clean, an average of three and one- 
half times as much dirt fell from the unwashed udders as from the same 
udders after they were washed. With soiled udders the average was 
eighteen, and with muddy udders the average was ninety times as much 
dirt from the unwashed as from the same udders after washing. 

These averages clearly show that all udders must be washed before 
milking if high-grade milk of good keeping quality is to be produced. 


THe CARE OF MILK. 


As soon as it is drawn milk should be removed from the stable to a 
place provided for the purpose, and there aerated and cooled to 50° F., 
or below if possible. This should be done either by setting the cans into 


‘a tank of cold water, and stirring occasionally, or by passing the milk 


over a cooler. The latter method is to be preferred if the cooling can be 
done in a pure atmosphere free from dust. It is of great importance to 
have a small milk-house, or some clean room away from the odors of the 
stable, in which to care for the milk. 

The sooner milk is thoroughly cooled after it is drawn, and the lower 
the temperature to which it is brought, the better. Bacteria that get 
into milk during the process of milking develop very rapidly as long as 
milk remains at about the temperature at which it was drawn, but as 
soon as cooled to 60°, they develop slowly, and if cooled to 40° their 
growth is almost entirely stopped. Milk cooled to this temperature as 


soon as drawn, and held there, will remain sweet and in good condition 
much longer than if cooled to only 70° or 75°. 


Dairymen who deliver milk in cans, measuring out the amount 
wanted at each door, sell with the milk the dust and germs that collect 
in the measures as they drive along the street. To prevent contami- 
nation during delivery and subsequently, all milk must be bottled in the 
dairy. Some dairymen bottle milk in the wagon on the route, using 
bottles collected from houses just visited. This dangerous practice can- 
not be too strongly condemned, and should be prohibited by law. If 
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the bottles are not taken to the dairy and washed and sterilized before 
being filled, milk delivered in bulk is safer, although possibly not so clean. 


CARE OF Datry UTENSILS. 


One of the first essentials in keeping dairy utensils clean is to have 
vessels with smooth surfaces. This fact should be kept in mind when 
purchasing, and if all seams are not flushed smooth with solder, this 
should be done. All utensils should be of tin, and as soon as the tin is 
worn off on the inside, they should be discarded, for they cannot be 


Cut 5.—BoTritep MiLtK HELD IN ICE-WATER IN REFRIGERATOR UNTIL DELIVERED. 


properly cleaned when in this condition. All utensils should be washed 
as soon as possible after using, since the longer the milk remains on them, 
the harder they will be to clean. They should first be rinsed with luke- 
warm water to remove the milk, then washed with hot water and soap, 
or some alkali, and scalded with boiling water, or with steam if it is 
available. Cans should never be tightly closed when not in use, and 
should be placed on a rack in an inverted position so that the dust can- 
not blow into them. If possible, they should be placed where the sun 
will shine on them, as that will do much toward keeping them pure and 
sweet. 

Bottles used to deliver milk for direct consumption must be taken to 
the dairy after each using and thoroughly washed and sterilized to kill 
_all disease germs. If this is not done, disease may be carried from one 
house to another by means of the bottles. 
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STANDARD MILK. 


By standard milk and cream is meant that which has a certain known 
composition, thus establishing a true basis for valuation. 

Let it be clearly understood by producers, consumers, city councils, and 
everybody that in these days the dealer can furnish the customer with 
milk of any desired richness, without regard to the quality ordinarily 
yielded by the cow, and all milk should be either so standardized or else 
bought and sold according to its natural composition. 

Selling milk by measure alone is unjust to the producer as well as to 
the consumer. While the fallacy of the system is apparent to a few, the 
majority of people seem to think that milk is milk, and that one quart 
is worth as much as another, so long as it is still sweet. The reason for 
this is partly a lack of knowledge as to what constitutes good milk, and 
partly because milk is an opaque liquid, and it is difficult to judge of its 
composition or food value simply by appearance. For this reason, many 
unscrupulous milk dealers dilute their milk with water or remove a por- 
tion of the cream. | 

State legislatures and city councils have attempted to overcome this 
difficulty by passing laws and ordinances making it unlawful to change 
the’ composition of milk. Where these laws were enforced, they stopped 
the dilution of milk to a great extent, but did not tend to compel milk 
dealers to sell milk of any known composition or on the basis of its food 
value. 

The next attempt to remedy the difficulty was to fix a certain standard, 
below which it was unlawful to sell milk. Most of the states and some 
cities passed laws to this effect. These standards seldom require more 
than three percent fat and twelve percent total solids. The city or 
state standards, even where they exist, have not reached the difficulty, 
as they make the sale of milk coming direct from some individual cows 
that give milk low in fat, unlawful, while it is good, wholesome milk, and 
a perfectly legitimate product when sold at its proper price. But what 
is even worse, this system hinders the man who produces rich milk from 
getting the price he should according to its food value and cost of pro- 
duction. Milk containing a high percent of fat is not only worth more 
for food, but costs more to produce than milk containing a low percent 
of fat, and the price should be governed by its composition and food 
* value and not by its bulk. 


STANDARDIZING MILK AND CREAM. 


Since fat in milk is the most variable constituent, the other solids 
remaining fairly constant, standardizing milk is a comparatively simple 
matter. All that is necessary is to add or remove a certain amount of 
butter fat, which is easily done by means of the centrifugal separator, 
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or by letting the cream rise by gravity. While it is true that milk from 
individual cows varies somewhat from day to day, the mixed milk of a 
herd that is milked at regular times each day will be practically constant 
for that herd, because all of the cows will not test high or low on the same 
day. By testing the milk of a herd occasionally, the percent of fat in 
the milk may be known at all times with reasonable accuracy, together 
with the amount of butter fat that should be added or removed to bring 
it to the proper standard. If the separator does good work, and the 
amount of milk handled is small, so that it does not warrant testing every 
day, it may be run very close to the desired percent of fat by testing once 
a week, so as to be sure that it is up to the required standard. Where 
the quantity of milk handled is large, it is more economical to run tests 
frequently, and keep the fat at exactly the desired percent. Even if the 
percent of fat varies but slightly, it makes a great difference in profit in 
the course of the year in a large business. If 1,000 gallons of milk are 
sold daily at the price given in Table 1, and the percent of fat in the milk 
is 4.5, when only 4 percent milk is required, the loss to the one selling the 
milk is 14 cents a gallon, or $15 a day; this in a year would amount to 
$5,475. 

The only apparatus necessary to standardize milk is a cream separator 
and a Babcock milk test. Surely no dairyman who has a business of any 
consequence can afford to be without these machines. For dairymen 
handling but a small amount of milk, the same results may be accom- 
plished by setting the milk for a time, and skimming off the cream. 
In this case all that is necessary is a Babcock test, which may be obtained 
from any milk supply house for four dollars. In this work, skim milk 
containing practically no fat must be added or removed. If the skim 
milk used contains fat, proper allowance must be made according to the 
amount of fat contained, or the results will obviously be different. 
Water cannot be used to dilute the milk or the percent of solids not fat 
will be reduced. 

As the percent of albuminoids, milk sugar, and mineral matter are 
practically the same in milk containing different amounts of butter fat, 
these are not considered in the following table. From this table it will 
be seen that if all milk were standardized, and sold according to these 
prices, dairymen would then receive the legitimate price for their product 
according to its food value and cost of production, and would not be 
selling six percent milk in competition with three percent milk and for 
the same price a quart. Such a method would result in justice to both 
producer and consumer. 


1903. ] - Crry Mink Suppiy. 267 


TABLE 1.—RELATIVE VALUE A QUART AND NUMBER OF QUARTS IN A DOLLAR’S 
Wort or MILK oF THE FOLLOWING ComPosiITION as To Fat, CompuTED 
ACCORDING TO THE Foop VALUE OF 3 PERCENT MILK at 5 
CENTS A QUART. 


Percents ol fabric aes © ote 0-4 1 2 3 4 5 6 
Priteya- quart, cents<—. 3.5 6. 205 | esol are | D0 Baie Oona. 2 
Number of quarts a dollar.>: 1.35.7 | 28.6 | 23.8 | 20.0 | 17.5 | 15.47) 13.9 


CERTIFIED MILK. 


The grade of milk known as “certified” is nothing more than milk of 
a known composition, as clean and free from bacteria as science and 
skill can make it, and produced by an inspected herd. 

Even in the production of this grade of milk, costly buildings are not 
necessary, but they should be so constructed as to be easily cleaned, 
and must be kept in perfect condition. The stable must be cleaned 
frequently, at least twice a day, when the cows are indoors, and all 
feeding of dry fodder, bedding, and sweeping must be completed not less 
than fifteen minutes before beginning to milk, thus allowing time for 
the dust to settle. Before milking all udders must be washed, whether 
they appear soiled or not, and the milkers must wash their hands and 
put on clean suits of some washable material. As soon as drawn, the 
milk must be removed from the stable to a sanitary dairy, where it is 
cooled to-50° F. or below, standardized, and bottled. The bottles and 
all other utensils with which the milk comes in contact must be thor- 
oughly washed and sterilized after each using. 

When milk is produced in a manner similar to that described in this 
bulletin, a public statement should be made certifying to the methods 
of production and the percent of fat contained. Such milk finds a 
ready market at an advanced price when its true value is under- 
stood. | , 

The easiest and most effective way of letting the patrons know the 
advantages of high grade milk, and the methods used in its production, 
is by means of an illustrated circular. This circular should show views 
in the dairy barn and dairy, describe how the herd is kept, and the milk 
produced and prepared for the trade. It should be neat and-attractive 
in form, as well as brief and to the point, so that it may be easily read. 
Copies should be distributed among the patrons, and, together with 
samples of the milk advertised, given to the influential people of the town. 
The physicians should be called upon and some means devised for get- 
ting them to visit the dairy. If they find everything there in first-class 
condition, they will not be slow in recommending the milk to their 
patients. The patrons, too, should be encouraged to visit the dairy 
where it is possible for them to do so. Few, doubtless, can be induced 
to pay a personal visit, and the great advantage of the circular is that it 
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will not only reach all ‘the patrons, but it will help greatly in extending 
the trade. 

As an illustration of such a circular, one published several years ago 
showing the methods used in the University dairy, is reprinted in con- 
nection with this bulletin as Circular No. 73. Such a circular will do 
much to inform the public where good, clean milk can be obtained, and 
to bring the well-conducted dairies into the prominence they so well 
deserve. 

In all cities there is great need of this grade of milk, and when its 
production is rightly managed, there is good opportunity for financial 
gain, as such milk will sell for from eight to twelve cents a quart. Milk 
of this character has been selling in Chicago for the past six years for 
twelve cents a quart. 


THE CONSUMER’S RESPONSIBILITY. 


That milk may reach the table in first-class condition, the consumer 
has responsibilities as well as the producer. The milkman is frequently 
blamed for many things for which he is not responsible. However per- 
fect the condition and low the temperature of the milk when delivered, 
it cannot long remain in good condition unless carefully handled. If 
milk is to keep, it must be held at a low temperature, at least 60° F., and 
below if possible. 

If milk is not delivered in bottles, care must be taken to protect it 
from dust, and it must be placed where there are no odors to be absorbed. 
Bottled milk, being sealed with a pulp cap, cannot absorb odors, and 
should be left in the bottle until used, not emptied into an open dish. 
If the cream is to be used first, that can be poured off and the cap 
replaced, thus protecting the milk left in the bottle. If it is desired to 
incorporate the cream with the milk, this can easily be done by turning 
the bottle end over end a few times, holding the finger on the cap to 
prevent its being pushed out. The milk needed can then be removed 
and the cap replaced. ) 


IMPROVING CONDITIONS. 


“Certified” milk should be the only standard, and it points the 
- direction for improvement over the common methods of milk produc-’ 
tion. Most of the conditions for the production of certified milk are 
not expensive. With the majority of dairymen, only a few call for the 
outlay of additional money. The most important conditions, those — 
involving cleanliness and safety, can be secured without appreciable 
expense. Here improvement can begin, and should begin at once, and 
go forward as rapidly as possible until all milk offered for direct con- 
sumption is produced according to the standard for certified milk. 
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Among the reforms that can be secured at insignificant expense, and 
which should be universally insisted upon, are the following: 

To keep the cows clean, and not compel or allow them to wade and 
live in filth. This means clean yards and clean, well-bedded stalls. 
Everything short of this is positively repulsive and should not be tolerated 
any longer in a civilized community. 

To stop the filthy practice known as “ wetting the teats,’’? by which is 
meant the drawing of a little milk into the hands with which to wet the 
teats before and during milking, leaving the excess of filthy milk to drop 
from the hands and teats into the pail. 

To wash all utensils clean by first using lukewarm water, afterwards 
washing in warm water, and rinsing in an abundance of boiling water, 
then exposing until the next using in direct sunlight, which is a good 
sterilizer. 

To use milk pails, cans, etc., for no other purpose but to hold milk. 

To keep out of these utensils all sour or tainted milk, even after they 
have been used for the day. Using them for this purpose at any time 
infects them so badly that no amount of washing is likely to clean them. 
Bacteria are invisible, and millions can find lodging place in the thin 
film of moisture that remains after dishes are apparently clean. 

To brush down the cobwebs and keep the barn free from accumu- 
lations of dust and trash. 

To whitewash the barn at least once a year. 

If these changes can be brought about, they will secure a compara- 
tively clean product, and the improvement will amount almost to a 
reformation in the milk producing business. ‘These changes involve but 
insignificant expense, either in money or labor, and there is no rational 
reason why they should not be made without delay, voluntarily, if pos- 
sible, by compulsion if necessary. 

When the dairy and surroundings are in the best shape possible for 
the present, a statement should be made as to the conditions under 
which the milk is produced, not claiming more than is actually carried 
out each day. By gradually raising his standard the industrious dairy- 
man may, in time, work up to the grade known as certified milk. 

Improving city milk supply is a matter of educating the public to 
demand better milk, and when the advantages of high grade milk are 
fully appreciated, people will be willing to pay the extra cost of pro- 
duction. The consuming public and the better class of dairymen are 
alike interested in bringing about these improvements with as little 
delay as possible. 
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NEED OF INSPECTION. 


There are, and doubtless always will be, certain men producing milk 
who, from the slovenly methods they practice, are a disgrace to the dairy 
business. Such laws should be enacted, and such a system of inspection 
instituted, as will compel these men to be decent in their practices in 
handling milk or quit the business. It is time the dairymen moved in 
this matter and asked for inspection. If they do not, the public will 
soon do so, and when such matters are taken in hand by those who do 
not have the necessary technical information on the subject, the busi- 
ness may be injured and injustice done to honest dairymen who are 
putting out a good grade of milk. 3 


UNIVERSITY OF ILLINOIS 
AGRICULTURAL EXPERIMENT STATION 
URBANA, ILLINOIS 


CIRCULAR NO. 73 


Milk Production 


AT THE 


University of Illinois 


By 


WILBER J. FRASER 
Chief in Dairy Husbandry 


* 


Explanatory Note — This circular was originally issued to acquaint 
the local public with the methods employed at the University dairy. It 
is reprinted in connection with Circular No. 78 to familiarize milk con- 
sumers with the proper methods to be employed in the production 
of clean milk. 


THE HERD 


Choice specimens of Holstein-Friesians, Jerseys, 
Guernseys, and Ayrshires, with a few selected 
grades, comprise the University herd, which, bred 
to the best sires obtainable, is maintained as a 
breeding herd of a high order of excellence. 

The health of the animals is kept constantly in 
view. They are frequently inspected by the pro- 
fessor of veterinary science, and are occasionally 
tested for tuberculosis, thus making the milk safe 
for infant use, without being either pasteurized or 
sterilized. 

In summer a shady pasture, in winter a clean, 
comfortable barn, and exercise in a hard, well 
graded yard sheltered from the cold wind, always 
with selected feed and the purest water, insure the 
most perfect conditions known for the production 
of wholesome milk. 
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THE BARN 


The barn is capacious and provided with the 
King system of ventilation, which insures a con- 
stant supply of fresh air without causing a draft 
on the cows. 

It is well lighted on all sides, and so arranged as 
to secure the sanitary requirements, and the quiet 
so essential for dairy cows. The stalls and 
mangers are roomy, and constructed with special 
regard to the comfort and cleanliness of the animal. 
All inside construction is made of dressed lumber, 
iron, and cement, and thus is easily kept clean. 

The cows are well bedded with clean straw 
frequently renewed, and the floors and gutters are 
scrubbed each day. No dirt or filth is allowed to 
~ accumulate, and every precaution is taken against 
dust and bad odors at milking-time. 
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MILKING 


We have found by experimentation at the 
University that most of the filth and bacteria that 
find their way into milk come from the surface of 
the udder during the milking process. To pre- 
vent this contamination, the loose dirt is brushed 
from the sides and bellies of the cows, the udders 
are washed and wiped, and the milkers are re- 
quired to cleanse their hands and put on clean 
white suits and caps. 

The first milk drawn is rejected, as it contains 
many bacteria, which have developed in the milk 
at the orifice of the teats since the last milking. 

As soon as drawn the milk is removed to the 
milk-room and either separated or cooled at once. 
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BOTTLING 


From the cooler the milk all runs directly into 
one receiving vat, where it is thoroughly mixed 
when the milking is completed. Enough cream 
or skim milk is then added to bring the butter- 
fat to four percent. 

Because of the constant uniformity of this milk, 
it is much better for infant-feeding than the milk 
from a single cow, as the milk from one cow fre- 
quently varies greatly from milking to milking. 

After the milk is standardized it is put into 
sterilized bottles and immediately sealed with — 
paraffin pulp caps to protect it from contamina- 
tion. It is then placed in the refrigerator and 
held below forty degrees Fahrenheit until de- 
livercur 
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SEPARATING AND STANDARDIZING 


Cream is quickly obtained by passing milk 
through a centrifugal separator that has a speed 
of seven thousand revolutions per minute, and 
that may be adjusted to produce any desired rich- 
ness. By this process the cream is secured before 
it commences to sour, and as it is immediately 
cooled it makes a product of excellent keeping 
quality. 

The cream is frequently examined® withmege 
Babcock test, and by the adjustment of the sepa- 
rator the fat is kept at twenty-five per cent, which 
is the University standard for cream. The milk 
also is frequently tested, and held to the standard 
by adding sufficient skim milk or cream to bring 
the fat to four percent. 
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UTENSILS AND DAIRY ROOMS 


The pails, strainer, cooler, bottles, and every- 
thing with which the milk comes in contact are 
first rinsed in cool water, then thoroughly washed 
in hot water and soda, again rinsed, and after- 
wards sterilized for twenty minutes with live 
steam in a brick sterilizer. They are then both 
clean and sterile, and do not infect the milk. 

The dairy is kept scrupulously clean, and is at 
all times free from dust and bad odors. The sur- 
roundings are favorable for pure air, and nothing 
producing bad odors is allowed to accumulate. 
Every effort is made to produce a milk that is as 
nearly free from all impurities and contamination 
as can be secured by most carefully observing all 
the principles and facts known to the science of 
dairying. 


WASHING AND STERILIZING. 


‘* Cleanliness is next to godliness.’’ 


DELIVERY AND GUARANTEE 


Preparatory to delivery, the bottled milk: is 
placed in zinc-lined wooden boxes, thus keeping 
it both clean and cool. In hot weather chipped 
ice is packed about the bottles to preserve their 
low temperature until they reach the consumers. 
Bottling not only prevents contamination during 
delivery, but also insures to all correct measure 
and uniform richness. 

Milk and cream are delivered in bottles bearing 
the University name, and the contents are guar- 
anteed to standard and to be produced as above 
described. Milk is sold at seven and a quarter 
cents a quart, and cream at seventeen and a half 
cents a pint. 


Inspection is invited, and visitors are always 
welcome except on Sunday. 
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UNIVERSITY OF ILLINOIS 
Agricultural Experiment. Station. 
BULLETIN NO. 93. 


pop EREATMENT POR PEATY SWAMP 
Pee NC OUNG REP ERENCE LO 
Soo eNO meio ATS. SOILS. 


By CYRIL G. HOPKINS. 


URBANA, ILLINOIS, JANUARY, 1904. 


SUMMARY OF BULLETIN No. 93. 


1. There are many thousand acres of peaty swamp land in northern Illinois, 
much of which produces almost no crops because the soil is deficient in the element 
potassium, although it is rich in all other elements of plant food. Page 275. 

2. On the University. of Illinois soil experiment field near Tampico (Whiteside 
County), on peaty swamp soil, the addition of potassium produced yields of 36 to 60 
bushels of corn in 1902, and 45 to 66 bushels in 1903, while, with no potassium 
applied, no ear corn was produced. Page 277. 

3. On the University of Illinois soil experiment field near Momence (Kankakee 
County), on peaty swamp soil, potassium produced 20 to 32 bushels of corn in 1902, 
and 67 to 73 bushels in 1903, while without potassium the average yield was only 
5 bushels. Page 282. 

4. Some kinds of peaty swamp soil will improve with the right kind of culti- 
vation, and finally become very productive soils, which will not require the con- 
tinued use of potassium, while other kinds will probably always require potassium 
to be applied. Page 292. 

5. Some kinds of peaty swamp soils after years of cultivation are found to 
resemble sand ridge soil, which is most deficient in the element nitrogen, which can 
be obtained from the air at very slight cost by means of suitable leguminous crops. 

Page 294. 

6. Nitrogen applied to the University of Illinois soil experiment field, near 
Green Valley (Tazewell County), on sand ridge soil, has increased the yield of corn 
from about 30 bushels to more than 60 bushels per acre. Page 295. 

7. This bulletin tells how and where to purchase potassium, how to use it, and 
how to save it so that most of it can be used again and again for several crops. 

Page 297. 

8. Certain kinds of farm manure produce fairly good results on some peaty 
swamp soils, but commonly it is-better farm practice to use the manure on other 
kinds of soil and buy potassium for the peaty swamp soils. Page 298. 

9. There is no more profit in starving plants than there is in starving animals. 
While heavy applications of potassium must sometimes be made at first, with 
proper management only light applications will be required after a few years. 

Page 299. 

10. Farmers who have tried potassium in 1903 on peaty swamp lands report an 

increase of more than 30 bushels of corn, this increase being due to potassium. 


Page 300. 
11. The so-called “alkali” soils of Illinois, which are also being investigated, 
are not the same as peaty swamp soils. Page 301, 


12. The Experiment Station cannot undertake to analyze miscellaneous sam- 
ples of soil for private parties. Methods of soil investigation must be systematic 
and exact. Page 302. 

13. Upon request to the Illinois Experiment Station, Urbana, IIl., this bulletin 
will be sent to any one interested in Illinois agriculture. 


soil TREATMENT .FOR* PEATY SWAMP 
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SycNilide YAUNTEE MEA GUE Ee ote ON Hl Bx y 


By Cyrit G. Hopkins, CHiEF In AGRONOMY AND CHEMISTRY. 


There are immense areas of peaty swamp lands in the northern and 
north-central part of Illinois. As arule these soils do not grow good crops. 
When first broken, they sometimes yield one or two fair crops of corn, 
but generally the third crop is very poor, and afterward little or no corn 
is produced. Oats do somewhat better, but usually the yield of grain is 
very unsatisfactory, even when a fair amount of straw is grown. These 
soils are usually very black and very rich in organic matter, and they are 
frequently drained at great expense with the expectation that they will 
be very productive and almost inexhaustible, but not ey they 
yield disappointment and financial loss. 

While it will not be possible to locate and investigate all of the different 
tracts of peaty soil until we extend the detail soil survey over the entire 
state, nevertheless we have already obtained considerable information 
regarding these lands in connection with our general survey of Illinois 
soils, and this bulletin is published because we know that this information 
can be used by many Illinois farmers and land-owners with advantage 
and profit in increasing the productive capacity of such soils. 

_ These peaty swamp soils are present in large areas in Lee County, in 
southern Whiteside County, in Rock Island County, in the northeastern 
part of Henry County, and in the northwestern part of Bureau County. 
In Kankakee and Iroquois Counties, in northern Mason County, and 
southwestern Tazewell County, large tracts of peaty soil are found; and 
smaller tracts are found in the counties of Winnebago, Boone, McHenry, 
Lake, Dekalb, and Kane, and there is more or less of this soil in several 
other northern counties, such as Kendall, Will, LaSalle Grundy, Livings- 
ton, ete. Some peaty soil has been found in northern Ford County, and 
one small tract in western McLean County. ‘This soil is also known to 
extend into northern Indiana* and southern Wisconsin,* and it is reported 
as present in Iowa to considerable extent. 

Commonly the peaty soil occupies the lower lying areas, but some- 
times it is found in table-lands. It is always on land which was at one 
time poorly drained. 

The peaty soil varies from almost pure brown peat, containing 80 

*The experiment stations of Indiana and Wisconsin have published some results 


- of investigations relating to similar soils, and in several cases a deficiency of potas- 
sium has been strongly indicated. (See - page 290.) 
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percent or more of combustible material, to black muck, containing much 
less organic matter. In some places these soils extend continuously 
over tracts of considerable size (sometimes over several square miles), 
to the exclusion of other types of soil; but more commonly the peaty 
soils occupy irregularly shaped areas scattered about in bodies of land 
of different kinds. Sandy land is frequently found adjoining or sur- 
rounding the tracts of peaty soil, and sand is the most common subsoil 
found under peaty swamp soils, although a clay subsoil is found in many 
places, and sometimes the peaty soil is underlain, at a depth of only a 
few feet, with limestone rock. Occasionally the peaty soil adjoins ordi- 
nary Illinois prairie land. 

Peat itself consists largely of partially decayed sphagnum moss, 
which grew in the water which once covered these areas. In growing, 
the moss obtains carbon, from the carbon dioxid in the air, and hydrogen 
and oxygen, from water, being similar to other plants in this respect. 
The water in which the sphagnum moss grows is more or less stagnant. 
It is usually surface-drainage or seepage water, and contains sufficient 
nitrogen, phosphorus, potassium, and other essential elements of plant 
food to meet the needs of the growing moss. Both nitrogen and phos- 
phorus enter into fairly stable organic combinations with the carbon, 
hydrogen, and oxygen, and when the moss changes to peat, and even 
when the peat partially decays, these two elements, nitrogen and phos- 
phorus (especially the nitrogen), are largely retained in the organic mat- 
ter. The potassium, however, reverts more largely to the soluble form 
and it is finally lost to a greater or less extent in the drainage waters 
flowing from the peat bogs. 

A considerable number of the peaty swamp soils from different 
places in the state have been analyzed by the Experiment Station, and 
they are found to be very rich in nitrogen, well supplied with phosphorus, 
but very deficient in potassium, as compared with the ordinary fertile 
soils of the state. It has long been known that such soils are frequently 
deficient in mineral elements. 

Some preliminary field tests made by the Experiment Station, and 
by farmers who were induced through correspondence with the Experi- 
ment Station to make some trials, gave results strongly indicating the 
need of applying available potassium to some of these soils. Pot culture 
experiments gave similar indications, and the field experiments which 
are reported* in this bulletin certainly furnish very conclusive proof of 
the power of potassium to increase the productive capacity of some of 
these soils. 

In this connection the author desires to mention his appreciation of 
the assistance of Mr. J. E. Readhimer in superintending these field 


*Some reference to these investigations has already been made in Circulars 64, 
68, and 72. (See also previous foot-note.) 
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experiments, and also the value and importance of the care which has 
been given to these different soil experiment fields by the progressive and 
interested farmers upon whose farms the fields were located, as indicated 
in the following pages. 


Tampico Sort EXPERIMENT FIELD. 


This is one of the regular University of Illinois soil experiment fields. 
It is located in the 8. E. 40 of the 8. W. 4 of Sec. 6, Twp. 19 N., R. 7 E. 
of the 4th P. M., on the farm of Mr. J. H. Milligan, about five miles 
northeast of Tampico, Whiteside County, Illinois. The soil consists of 
black peaty material, rich in organic matter to a depth of sixteen inches. 
Between 16 and 30 inches the material is lighter in color and quite sandy, 
with little organic matter. The subsoil below 30 inches is almost pure 
coarse sand. This soil is fairly representative of considerable amounts 
of land in southern Whiteside and adjoining counties, which is non- 
productive, or of very low productive capacity, especially for corn. 

This field consists of ten tenth-acre plots, numbered from 101 to 110. 
The individual plots are each two rods wide and eight rods long, each 
plot being surrounded by a cropped and cultivated border one-fourth 
rod wide, which makes one-half rod division strips between adjacent 
plots. The treatment applied to these different plots is what we call 
our “‘complete fertility test.’’ It includes trials with applications of the 
elements, nitrogen, phosphorus, and potassium, singly, in all possible 
double combinations, and all three together, all in connection with lime; 
also a double test as to the effect of applying lime, first with lime alone, 
and finally with the three elements added. The plan will be easily 
understood by reference to the tabular statements. (L means lime, N 
means nitrogen, P means phosphorus, and K means potassium, from 
the Latin name kalium, this symbol (IX) being used for potassium by all 
nations. ) 

Nitrogen is applied in the form of dried blood, a material containing 
12 to 14 percent of nitrogen. About 800 pounds of dried blood per 
acre are used each year. This would furnish about 100 pounds of nitrogen 
or as much as is contained in 100 bushels of corn. Of course the nitrogen 
is purchased and applied in readily available commercial form in order 
to ascertain as quickly as possible if the soil is in need of nitrogen. If 
this were found to be the case it would simply indicate that in farm 
practice more nitrogen should be obtained from the air by means of 
leguminous crops, aS we are doing in our rotation experiments (see 
Bulletin No. 88, ‘Soil Treatment for Wheat in Rotations’’), and not that 
commercial nitrogen should be bought and applied to the soil (100 pounds 
of commercial nitrogen cost about $15, while that quantity of nitrogen 
can be obtained from the air with clover and other legumes for about $1). 

The phosphorus is applied in steamed bone meal. This material 
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contains about 124 percent of the element phosphorus, and is one of the 
best forms of phosphorus to purchase when needed in general farming. 
About 200 pounds of steamed bone meal per acre are applied each year. 
This furnishes about 25 pounds of phosphorus, or more than is contained 
in a 100-bushel crop of corn, the grain containing about 17 pounds and 
the stalks 6 pounds of that element. Owing to the fact that the steamed 
bone meal is not completely available the first season, the first annual 
application is usually 400 instead of 200 pounds (phosphorus in steamed 
bone meal usually costs from 10 to 12 cents a pound, the steamed bone 
meal itself being $25 to $30 a ton). 

Potassium is applied in the form of potassium chlorid (containing — 
about 42 percent of potassium), or potassium sulfate (containing about 
40 percent of that element). About 200 pounds of the salt are applied 
the first year, and 100 or 200 pounds per acre each year afterward. One 
hundred bushels of corn contain about 19 pounds of potassium, and the 
corresponding three tonsof stalks contain about 52 pounds of that element. 
If the stalks or the ashes from the stalks are left on the land, well dis- 
tributed, the annual loss in potassium is only about 20 pounds for a 
very large crop of corn, and 100 pounds of potassium chlorid will furnish 
42 pounds of the element potassium. If both grain and stover are re- 
moved about 200 pounds must be added each year. 

The results obtained from the Tampico soil experiment field in 1902 
(the first year) are shown in Table 1. It should be stated that although 
lime was applied to certain plots in this field in the beginning of the experi- 
ment, in accordance with our regular plan of ‘‘complete fertility tests,” 
it has produced no effect whatever, and the subsequent analysis of soil 
samples taken at the time the field was located also shows that the soil 
is not in need of lime. (Lime is not added as an element of plant food, 
but only to correct any possible acidity of the soil, and thus to insure 
good physical conditions where the elements of plant food are added.) 


TABLE 1.—Crop YIELDS IN Sort EXPERIMENTS; Tampico FIEeLp, 1902. 


Yields per acre. 


Soil a 
plot Soil treatment applied to peaty swamp soil. Corn, Stover, 
0. bushels. pounds. 
101 None. stg ia? bit Se a ees ee ee 0 1,000 
102-2) Sime eet ari 3 Bae /acoar eh heren ate cts, eee aes Dae 0 800 
103. «:| hime) nitrogen. 27h7 5) tie oe soe fae oe 0 1,200 
194 | Lime. phosphorus. 2.2 Sioa dee eee 0 2,000 
105°" | Dime, potasstiim. \o ey se eee 36.3 3,600 
106. |. Lime, nitrogen; phospliortis.. sect, ee ees te 0 1,400 
107 Lime, nitrogen, potassium, ; <1. 41 e ee ee 40.0 3,500 
108 Lime, phosphorus,¢potassium <2 eee eee 37.5 3,100 
109 | Lime, nitrogen, phosphorus, potassium ........ 60.0 4,400 
110 Nitrogen, phosphorus, potassium ....... 52.5 4,750 
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It will be observed that every plot to which potassium was applied 
produced a fair crop of corn, varying from 36 to 60 bushels, while no 
ear corn was produced on any plot not treated with potassium. Even 
the yield of stover, or barren stalks, was small on plots not receiving 
potassium. There -was considerable variation in the yield of corn from 
the plots treated with potassium. ‘This was probably caused more by 
the excessive rainfall and consequent injury to some plots from too 
much water than from the effect of other applications beside potassium. 
Like much of these swamp lands, this field was not sufficiently well 
drained to protect it in excessively wet seasons. Plot 109 is slightly 
higher than most of the other plots, and this is believed to account 
largely for the higher yield on that plot. - 

Plate 1 shows the corn growing on Plot 106 with nitrogen and phos- 
phorus, on the left, and on Plot 105 with potassium, on the right. 

Table 2 shows the results obtained from this same field in 1903 (the 
second year). . 


TABLE 2.—Crop. YIELDS IN SOIL EXPERIMENTS; Tampico Frep, 1903. 


Yields per acre. 
Soil 


Flot a Soil pean at per to Corn, bushels. Stover, 
nee peaty swamp soil. Ti lap ee Pe 
N.4 S. 4 AVGRs Phe aa * 
plot plot age Be 
101 jdNone sero rar arses aie cones 0 0 0 570 
102 Vite sea ee ene ) 0 0 SOG 
103°} <Eime;. nitrogen... 22 -e ee eee 0 0 0 480 
104 |}: Lime phosphorus. (23) 22 ee 0 0 0 740 
105 {> Lime, potassium ys vevetiea er eee 42.3 48.5 45.4 4,150 
106 | Lime, nitrogen, phosphorus...... 0 0 0 600 
107 | Lime, nitrogen, potassium ....... 57.6 59.7 58.7 4,170 
108 | Lime, phosphorus, potassium .... 47.1 46.6 46.9 3,860 
109 | Lime, nitrogen, phosphorus, 
potassiunisssaig ee 66.3 65.4 65.9 4,380 
110 Nitrogen, phosphorus, 
POlassinin ca Pee eae 53.2 64.0 58.6 3,960 


The five plots receiving potassium produced from 45 to 65 bushels 
of corn per acre, while no ear corn was produced on any of the five plots 
to which no potassium was applied. Owing to the very wet season of 
1903, the yields from most of the plots receiving potassium are lower 
than they would otherwise have been, Plot 109 being the highest, as in 
1902, and largely for the reason previously given. It is evident that the 
excessive amount of water in the soil retarded the nitrification of the 
organic nitrogen naturally contained in the soil in very large amounts; 
while the nitrogen supplied in the form of dried blood, being in the sur- 
face soil and very easily nitrified, did effect some increase in the yield 
wherever both potassium and nitrogen were added. This effect was 
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plainly apparent during the growing season, the stronger growth and 
darker color of the plants treated with nitrogen in connection with 
potassium being distinctly discernible. Of course this result does not 
indicate that commercial nitrogen could be used with profit°on this soil, 
but rather that the field needs better drainage in such wet seasons. (This 
is being arranged for.) This soil is naturally several times richer in 
nitrogen than the most fertile soils in the corn-belt. It is also well sup- 
plied with phosphorus. With more perfect drainage and a plentiful 
supply of potassium, this soil is undoubtedly capable of producing even 
more than 65 bushels of corn to the acre. (See results obtained from 
the Momence field.) , 

Plate 2 shows the 1903 crop growing on the Tampico field. The 
upper view shows Plot 5 (potassium) on the left, and Plot 6 (nitrogen 
and phosphorus) on the right. The lower view shows Plot 6 (nitrogen 
and phosphorus) on the left, and Plot 7 (nitrogen and potassium) on the 
right. (As stated above, this soil naturally contains abundance of lime, 
a small amount of which was added to these plots in the beginning of 
the experiment before the soil had been analyzed, not as plant food, but 
only to insure good physical condition. The lime was not needed, how- 
ever, and it has produced no effect.) 


MoMENCE Soi EXPERIMENT FIELD. 


This is also one of. the regular Ung e of Lllinois soil experiment 
fields. It is located in the N. E. 40 of 8. E. + of Sec. 6, Twp. 30 N., R. 
11 W. of 2nd P. M., on the farm of Mr. C. C. Porter, about three es 
south of Momence, Kankakee County, Illinois, on peaty swamp soil 
which is underlain with impure limestone at a depth of two to three feet, 
with about 12 inches of yellow sandy subsoil between the black soil and 
the underlying rock. 

A considerable part of the north half of plots 101 and 102 and a 
smaller part of the other plots extend over somewhat. different land 
where the soil contains sufficient available potassium to produce a medium 
crop of corn in a good season.* The south halves of the plots are on 
soil which is fairly representative of the most non-productive phase of 
this peaty swamp soil. There are very large areas of swamp soil in Kan- 
kakee and adjoining counties of very low productive capacity, much of 
which will probably respond to the same treatment as this field. 
(There are some probable exceptions, SEN which will be noted 
below.) 

The Momence field is laid out in the same manner. and receives the 
same kinds of treatment as the Tampico field.. Table 3 shows the results 
which were obtained in 1902. 

*In locating our soil experiment fields, we endeavor to select as uniformland as 
possible, but if there is any apparent difference in the field we always try to put the 


check plot with no treatment on the best soil in order that the effect of the treat- 
ment shall not be exaggerated. 
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TABLE 3.—Crop YIELDS IN Som EXPERIMENTS ; Momence Fiexp, 1902. 


Yields per acre. 


Soil ee en ee eee ee 
plot Soil treatment applied to peaty swamp soil. Corn, Stover, 
No. bushels. | pounds. 
101 one pert ce ern ese V4. «ey Oe kro re ke 6.9 940 
A om RGELING eerie ne Cet aye eerie ATR Ronee mae AO, 5.5 820 
tO Seine St OCEN Gwe tw Gita ah yee ek weakens 0 560 © 
Ota ee eDNOSPHOKUStent.. 5 wakes ee hte wh se is 500 
105 Dimes DOtasslam jute 2 ota: Scat ten oo ee aes 23.7 2,720 
106 Lime, nitrogen, PHOSPHO. yee wie oe ne 0 500 
107 Pine. Nitro rehe potassium se et Ucethetc ae ewe: 19.7 2,420 
108 | Lime, phosphorus, potassium ................ 32.0 2,940 
109 | Lime, nitrogen, phosphorus, potassium ........ 25.2 2,480 
110 Nitrogen, phosphorus, potassium ....... 24.1 2,460 


The crop was injured very considerably during the wet season of 1902, 
because of inadequate drainage, a condition which was corrected before 
the 1903 crop was grown on this field. Nevertheless the effect of potas- 
sium on the 1902 corn crop is very marked. Aside from the ends of 
the plots which occupied somewhat higher ground, capable of producing 
a medium crop, the five plots receiving no potassium produced practically 
no ear corn, while the five plots treated with potassium yielded 20 bushels 
or more of corn per acre. Marked increase in the yield of stover also 
follows the application of potassium. 

Although the season of 1903 was also one of abundant rainfall, the 
Momence field had been provided with sufficient drainage to prevent 
serious injury from water as will be seen from the results which are given 
in Table 4. 


TABLE 4.—Crop YIELDS IN Sort EXPERIMENTS; MOMENCE FIELD, 1903. 


Yields per acre. 
Soil 


1st _ Soil treatment applied to Corn, bushels. a 
K peaty swamp soil. _______________} Stover, 
"s N. 4 S.1 | Aver- | pounds 
plot. plot. age. average. 
DOL None 255.40. hn ee Bear ee 29.7 ) 14.9 1,080 
A NG Ba yer eee Oar Rt oan, ng yee 14.2 0 Tel 820 
Weer ates MIELOPeNc, 6 tec, sea cee +s 7.2 0 3.6 750 
O46) Limes phosphorus’... 3) ss... « 9.2 0 4.6 1,040 
Loo” Lime cpotassiam . 4. e020. al... « 72.0 72.5 72.6 3,770 
106 | Lime, nitrogen, phosphorus...... Tete 0 3.9 730 
107 | Lime, nitrogen, potassium ....... 79.2 63.0 71.1 3,160 
108 | Lime, phosphorus, potassium .... 78.2 68.0 73.1 3,380 
109 | Lime, nitrogen, phosphorus, 
polassiime. ose 285. 71.5 62.0 66.7 3,010 
110 Nitrogen, phosphorus, 
POSsIMI ee eee Vlad 63.0 70.4 3,230 
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These results are certainly exceedingly marked as to the effect of 
potassium in this soil. On the south halves of the plots, on the most 
non-productive soil, no ear corn was produced on any of the five plots 
receiving no potassium, while the five plots treated with potassium 
produced from 62 to 72 bushels of good sound corn per acre. On the 
north halves the potassium increased the yield from less than ten bushels 
to more than 70 bushels per acre. (The north ends of plots 101 and 102 
are not fairly comparable with the remaining plots, as will be plainly 
seen from the yields produced. This will be understood from the pre- 
viously given explanation.) 

It is very evident that potassium is the only element of plant food 
needed to change this almost barren soil to one of the most productive 
soils in the corn belt. 

Plates 3, 4, and 5 show the crops growing on the Momence field in 
1903. Plates 3 and 4 show Plots 1, 2, 3, 4, and 5, in the order given. 

The upper view in Plate 3 shows Plot 1, to which no treatment was 
applied. On the right, looking over Plots 2, 3, and 4, we see Plot 5, to 
which potassium was applied. 

The lower view in Plate 3 shows Plot 2, to which lime only was applied. 
On the right we see the good corn in Plot 5, beyond plots 3 and 4. 

The upper view in Plate 4 shows Plot 3, to which nitrogen was applied, 
on the right of which is Plot 4, with Plot 5 beyond. 

The lower view of Plate 4 shows Plot 4 (phosphorus) on the left, and 
Plot 5 (potassium) on the right, where the corn yielded 72 bushels to the 
acre. ; 

The upper view of Plate 5 shows Plot 5 (potassium) on the left, Plot 
6 (nitrogen and phosphorus) in the middle, and Plot 7 (nitrogen and 
potassium) on the right. Potassium on Plot 5 made 72 bushels, and on 
Plot 7 potassium with nitrogen made 71 bushels of good sound corn (80 
pounds per bushel), while Plot 6 between those two made less than 4 
bushels of nubbins. 

The lower view in Plate 5 shows the effect of potassium on buckwheat 
on the Momence field, potassium having been applied on the right, and 
nothing applied on the left. 
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Mantrto Soin EXPERIMENT FIELD. 


This is a co-operative soil experiment field, located on peaty swamp 
soil about one mile northeast of Manito, in Mason County, Illinois, almost 
on the line between Mason and Tazewell counties. It is on the farm of 
Mr. James S. Pollard, which is operated by Mr. Joseph Brenner. The 
soil is a black peaty material, consisting largely of organic matter. It is 
quite uniform to a depth of several feet. At a depth of six or eight feet (in 
places twelve to fifteen feet), the peaty material is underlain with sand. 
The Manito experiment field contains ten one-acre plots. The treat- 
ment indicated in Table 5 was applied for the 1902 crop only, no subse- 
quent applications having been made, although crops of corn for the 
two years, 1902 and 1903, have been harvested, the yields of corn obtained 
being also given in the table. 


TABLE 5.—Crop YIELDS IN Sort EXPERIMENTS; Manito FiELp, 1902 anp 1903. 


Soil ; ‘ . Corn, bushels per acre 

plot | Soil treatment applied to peaty swamp soil. ene 
No. (Amounts per acre.) 1902. 1903. 
: 1 None ac5 bole tek oe ee eee 10.9 a Bal 
2 NOG 2a Sst ee pacts Fae i eee 10.4 10-3 
3 600 lb. Kainit (10% potassium) .............. 30.4 32.3 
4 600 lb. Kainit and 350 lb. bone meal.......... 30.3 33.3 
5 200 lb. potassium chlorid (42% K)........... 3i72 33.7 
6 700. lb."eomimen ‘saltig ne bea eee ee 4 ES Rep | 11.6 
fe 200 Ibvieommon: Saltccons oe oe eee ee 13.2 
8.- 600: Ib: Kainit (10%, Wj es ee cae 36.8 37.3 
9 300 Ibe Kainit (L0G 010) 7 oe ees 26.4 25.5 
10 None To. 20ot Pee ea ie aie ee ne een Seer No report 14.7 


A large open ditch provides fairly good drainage for the swamp in 
which the Manito field is located, but the excessive rainfall of 1902 cer- 
tainly injured the yield to a considerable extent. The fact that no 
further application of potassium was made for the second crop probably 
accounts for the comparatively low yield of 1903. The effect of potassium 
on this field has been to increase the yield of corn from about 10 bushels 
to more than 30 bushels per acre. Phosphorus (in bone meal) applied 
in addition to potassium (Plot 4), produced no increase over potassium 
alone. The results are practically the same whether the potassium is 
applied in the form of potassium chlorid, containing 42 percent of potas- 


sium, or as kainit, a crude mineral containing only 10 percent of potassium. — 


Although the application of 600 pounds of kainit is not quite equivalent 
to 200 pounds of potassium chlorid, the kainit has given nearly as good 
results during the two years’ trials. The cost of 600 pounds of kainit is 
about the same as 200 pounds of potassium chlorid. Of course it is 
somewhat more expensive to handle the heavier amounts of kainit, and 
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the fact that 200 pounds of potassium chlorid contain 84 pounds of potas- 
sium, while the 600 pounds of kainit contain only 60 pounds of potassium, 
is evidence that the effect of the potassium chlorid will be more lasting. 
Where the application of potassium was reduced from 60 pounds (in 600 
pounds of kainit) to 30 pounds (in 300 pounds of kainit) the yield of 
corn was reduced from 36 to 26 bushels in 1902, and from 37 to 25 bushels 
in 1903. (See Plots 8 and 9.) It seems altogether probable that heavier 
applications of potassium (say 200 pounds of potassium chlorid each 
year) will increase the yield of corn on this soil to 60 or 70 bushels, or 
possibly more, as has been the result on the Momence field. This is to 
be tried on the Manito field. 

It should be borne in mind that the stalks for a hundred-bushel crop 
of corn require 52 pounds of potassium (beside that required for the 
root growth), while the 100 bushels of grain will require 19 pounds. Of 
course the stalks must be grown before the ears can be produced; and, 
while there is a strong natural tendency in corn, as in all plants, to repro- 
duce seed, yet it has been shown by actual trial that in such soil as that 
on the Tampico field, for example, which, without treatment, is incapable 
of producing ear corn, small applications of potassium are practically 
useless, as they only effect a larger growth of stalks, but do not furnish 
sufficient potassium to enable those stalks to produce ears. This fact 
was well illustrated on Mr. Milligan’s land adjoining the Tampico field in 
1903. Because of the marked results produced by potassium on that 


~ field in 1902, Mr. Milligan used some potassium on his own corn for 1903. 


The amount of potassium chlorid which he purchased was not sufficient 
to make a heavy application (say 200 pounds per acre) to all of the land 
where he wished to apply it. He reduced the application to 50 pounds 
of potassium chlorid per acre on some of hisland. As a result he obtained 
a largely increased growth of stalks, but still produced practically no 
ear corn. On such land, 200 pounds of potassium chlorid is worth very 
much more when applied to one acre than when scattered over four 
acres. 

The results obtained on Plots 6 and 7 of the Manito field prove con- 
clusively that common salt (sodium chlorid) has no power to take the 
place of potassium chlorid (or other potassium salts) in the improvement 
of these peaty swamp soils. Plots 1, 2, 6, 7, and 10, may all be con- 
sidered as check plots. From the yields obtained from these plots during 
the two years, it will be seen that there is some natural variation in the 
land, the yield increasing somewhat as we pass from Plot 1 to Plot 10. 
Plots 3 and 8 also illustrate this fact. 

Owing to the more favorable season of 1903 (less injury from water) 
larger yields were produced in 1903 than in 1902 on the plots treated 
with potassium, although no additional potassium was applied for the 
1903 crop. The one exception to this rule is plot 9, which received only 
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30 pounds of potassium per acre, of which too little remained for the 
1903 crop to produce as good a yield as in 1902, even though the water 
conditions were more favorable in 1903. 


RESULTS OF INVESTIGATIONS IN INDIANA AND WISCONSIN. 


As previously stated the Indiana and Wisconsin experiment sta- 
tions have reported some investigations of non-productive soils, meres: 
some peaty swamp soils. 

Bulletin No. 57 of the Indiana Agricultural Experiment Station on 
“The Improvement of Unproductive Black Soils,” by Professor H. A. 
Huston, published in 1895, contains the following general conclusions: 


“The use of straw or kainit has proved very profitable as a means of 


temporary improvement of such lands. 
“The permanent improvement of such lands must be effected by efficient 


drainage.”’ 

' In the summary of Bulletin No. 95 of the Indiana Station, which was 
published in 1903, and which is essentially a reprint of Bulletin No. 57, 
Professor Huston inserts the following additional conclusion: 


“On black lands containing considerable sand but not having a high water 
level, kainit and other potash salts have proved very profitable fertilizers for corn.” 


Bulletin No. 80 of the Wisconsin Agricultural Experiment Station on 
“The Character and Treatment of Swamp or Humus Soil,” by Professor 
F. H. King and J. A. Jeffrey, published in 1900, contains the following 
conclusions: 


“So far as the elements of plant food are concerned [these soils] contain a higher 
percent than most of the best upland soils. 
“But when reclaimed they are often found relatively unproductive, especially 


after two or three years. 
“Coarse farmyard manure, in almost all cases, greatly improves even the best 


of these lands, enabling them to give large yields. 

“ Potassium carbonate, sulfate, and nitrate, and wood ashes have been found to 
greatly improve these soils for corn. Kainit improves the yicld, but to a less degree. 

“Coarse litter, like straw, plowed in, is often very helpful. 

“When undrained and kept in the native wild grass and cut continuously, these 
lands in some known cases greatly decrease in productiveness, so much so as to 


hardly pay for cutting.” 

It is evident that in the investigations above summarized no very 
clear distinction is made between the very peaty swamp soils which are 
exceedingly deficient in the element potassium as compared with normal 
fertile soils, and the non-productive “alkali” or “bogus” soils, which are 
usually rich in all elements of plant food, including potassium. These 
different classes of non-productive soils are discussed in the following 


pages. 
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PLANT Foop IN DIFFERENT SOILs.* 


It is true that plants are composed very largely of the elements carbon, 
hydrogen, and oxygen, that carbon is obtained from the inexhaustible 
supply of carbon dioxid in the air, and hydrogen and oxygen are the 
elements of which water is formed. It is also true that plants must be 
supplied with the elements calcium, magnesium, sulfur, and iron, but 
these four elements are required by plants in relatively small amounts, 
and practically all soils are abundantly supplied with them. The other 
three elements of plant food, nitrogen, phosphorus, and potassium, are 
required by plants in very considerable amounts, and they are present 
in most soils in limited quantities. 

Nitrogen is a constituent of organic matter, consequently, if a soil is 
rich in organic matter (humus or vegetable matter), it is also rich in 
nitrogen; and if a soil is poor in organic matter, it is also poor in nitrogen. 
If more nitrogen is needed it can best be obtained by growing leguminous 
crops, provided with the proper nitrogen-gathering bacteria, which have 
power to obtain nitrogen from the air. 

Phosphorus is also associated with organic matter to some extent, so 
that a soil very rich in organic matter (as peaty soils) is not only exceed- 
ingly rich in nitrogen, but it is usually well supplied with phosphorus. 
In the light-colored timber soils, and in worn prairie soils, especially those 
of southern Illinois, phosphorus is more or less deficient in the soil. It 
can be supplied very profitably in steamed bone meal, and probably in 
ground rock phosphate, also; but, as a rule, it should be used only in 
connection with leguminous crops or farm manure. 

Potassium is commonly associated with clay, that is, the true 
sticky, plastic clay. It is contained in all ordinary Illinois soils, as the 
common prairie soils, in great abundance (southern Illinois soils have 
only a moderate supply). Peaty soils not mixed with sticky clay are, 
as a rule, very deficient in potassium. Sand soils also are usually poor 
in potassium. Sand soils are likewise commonly deficient in the other 
elements of plant food, especially in nitrogen. (Absolutely pure sand 
contains no plant food whatever.) 

With these facts in mind, it is possible for the farmer to estimate 
with some degree of accuracy what will be required to increase the pro-~ 
ductive capacity of the different kinds of peaty swamp soils, and whether 
the treatment must be continued indefinitely, year after year, or whether 
the soil is likely to improve, or “farm out,’’ after a few years. 


*For more complete information regarding the different elements of plant food, 
the reader is referred to Circular No. 68, “ Methods of Maintaining the Productive 
Capacity of Illinois Soils,’ a copy of which will be sent upon request to any one 
interested in Illinois agriculture. 
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GENERAL INFORMATION REGARDING PEATY SwAmp SOILs. 


Peaty swamp soils may well be separated arbitrarily into five fairly 
distinct classes: | 

1. Soils in which the very peaty material extends to a depth of three 
or four feet at least and often to much greater depths. 

2. Soils with one to three feet of peaty material resting on deep 
sand. 

3. Soils with one to three feet of peaty material resting on rock, 
usually with some inches of sandy material between the two. 

4. Soils with six inches to three feet of peaty material resting on a 
clayey subsoil. 

5. Soils with only a few inches of peaty material resting on sand. 

If the soil has one to three feet of very peaty material and this is 
underlain with a deep sand subsoil or with sand resting on rock, or if 
the peaty soil itself is very deep (3 or 4 feet or more), then the land is 
almost certainly deficient in potassium, and the chief part of the potas- 
sium required to produce crops must always be supplied, either in the 
form of commercial potassium salts or in farm manure, because of the 
simple fact that it cannot be furnished by either the soil or subsoil in 
sufficient quantities for continuous large crops. As the one to three feet 
of peaty material is exceedingly rich in organic matter, and is much 
richer in nitrogen, and usually somewhat better supplied with phosphorus, 
than the most fertile normal soils in the corn-belt, that land is not in need 
of either of those elements, and probably it will be unnecessary to grow 
clover or to apply phosphorus on such soils for many years. Indeed, it 
seems altogether likely that the most profitable system of farming for 
such soils is almost continuous corn, unless some rotation should become 
necessary because of corn insects. As farm manure contains about as 
much nitrogen as potassium, and also some phosphorus, it is better farm 
practice to use farm manure on sandy land, for example, which is usually 
somewhat deficient in both phosphorus and potassium, and very greatly 
in need of nitrogen and organic matter, than it is to use the manure on 
this peaty soil which needs only potassium. Ordinary farm manure 
contains about 10 pounds of potassium in a ton, and this is not very 
readily available, excepting in such kinds as horse manure which decom- 
pose quickly. 

If one has abundance of farm manure, and does not need to use it 
all on lighter soils, of course, it should be applied to the peaty soils rather 
than not be used at all; but under the ordinary farm conditions, where 
the supply of farm manure is very limited, it is good practice to purchase 
commercial potassium for such peaty lands as need it. 

As stated above, there are some peaty soils which are underlain with 
clay subsoils lying from 6 inches to three feet below the surface. Such 
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subsoils almost invariably contain abundance of potassium. Some of 
these are the soils which will ultimately “farm out,” to use a local phrase, 
which means that with continued farming the soil gradually improves 
until it finally becomes a normally fertile soil, even without any special 
treatment. The time required for this improvement will depend upon the 
condition and method of management of the soil. The desired result is 
usually accomplished by getting some of the clayey subsoil mixed with 
the more peaty top soil. Sometimes this can be done by deeper plowing; 
sometimes by the tramping of live stock, where the subsoil is near the 
surface. Some soils of this class are temporarily benefited very mark- 
edly by even light applications of potassium, either in farm manure 
(preferably horse manure) or in commercial form. This will furnish 
sufficient potassium to give the corn a start, and the corn roots will thus 
be enabled to grow sufficiently to reach the clayey subsoil which will 
then furnish abundance of potassium for a large crop. This may last for 
a year or two only, when it will be found necessary to supply more potas- 
sium to the top soil; or, the one or two years’ cropping and cultivation 
may result in the compacting of the surface soil, the mixing of the clayey 
subsoil with the peaty top soil, or the bringing up of sufficient potassium 
from the subsoil into the top soil by the roots of corn and weeds and the 
corn-stalks (which, it will be remembered, are quite rich in potassium, 
and which are usually either burned or plowed under) so that no further 
application of potassium may be necessary. ‘Thus, the so-called ‘‘farm- 
-ing out” process may be hastened very materially, and with decided 
profit on some soils, by applying potassium in some form, especially where 
the peaty top soil is too deep to admit of reaching the clayey subsoil with 
the plow. 

In its original condition this type of peaty land (that is, a peaty top 
soil underlain with a clay subsoil), contains abundance of all of the 
elements of plant food; but the difficulty is that the nitrogen is nearly 
all in the top soil, while the potassium is very largely in the subsoil (both 
soil and subsoil commonly contain enough phosphorus), and the chief 
problem with these particular soils is to bring these elements together in 
the top soil sufficient for the needs of the growing crop, especially during 
its earlier growth before its roots reach the lower stratum. 

Very satisfactory results have been obtained upon this particular 
kind of soil, in Ford County, Illinois, simply by means of very deep plow- 
ing. Mr.S. K. Marston has a farm in what is called ‘Vermilion Swamp,” 
in northern Ford County. A careful examination was made of land in 
this swamp some two years ago. ‘The soil produced very poor crops of 
corn, but the clayey subsoil was found to be within the reach of the plow, 
and it was then agreed with Mr. Marston that a trial of deep plowing 
should be made, and the result has been very successful, as will be seen 
from the following extracts from a letter recently received from Mr. 
Marston: 
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“OnarGA, Itu., October 31, 1903. 
“Dr. C. G. Hopxins, 


“DEAR SIR: 

“T went to my farm yesterday to ascertain the effect of the fertilizers that I had 
used. My tenant says he can see no perceptible effect. But I can say that deep 
plowing has done the business. I saw yesterday some of the finest, soundest, 
heaviest corn I ever saw, and the yield sixty bushels to the acre. 

“My tenant is a thorough convert to deep plowing. His plowing this year is 
nearly afoot deep. We have decided that the soil contains all necessary constitu- 
ents. Deep plowing seems to be a great success. 

“ Respectfully, 


“S. K. Marston.” 

There is still another kind of peaty swamp land which must be men- 
tioned. This is land whose soil consists of only a few inches of peaty 
material, which is underlain by sand to a depth of several feet. We 
have found quite extensive areas of this type of soil, especially in the 
southeastern part of Kankakee County. The sandy subsoil will usually 
furnish somewhat more of available potassium.than the peaty material 
will, and the sand, being near the surface, becomes mixed with the peaty 
material by plowing and cultivation, so that this soil may produce fair 
crops for a few years. But after the rather small amount of organic 
matter becomes reduced by cultivation, this type of soil is but little 
different from ordinary sand soil, which is usually very poor in nitrogen 
and rather low in all elements of plant food. If the sand contains some 
clay, which is quite frequently the case, it will be better supplied with 
potassium than with the other elements. As a rule it is most deficient 
in nitrogen. 

It will be of interest and value to farmers who may have such very 
sandy swamp soils to know of the results which we have obtained from 
our ‘‘complete fertility tests’? on the sand ridge soil in Tazewell County. 


GREEN VALLEY SoIL EXPERIMENT FIELD. 


This is one of the regular University of Illinois soil experiment fields. 
It is located in the 8. W. 10 of N. W. 40 of N. W. 4 of Sec. 3, Twp. 22 
N., R. 5 W. of 3rd P. M., about two miles southwest of Green Valley, 
Tazewell County, Illinois, on the farm of Mr. J. C. Drake. The soil is 
typical of the cultivated sand ridge soil, and fairly represents very 
large areas of sandy land, not only in Tazewell and Mason counties, 
but also in Whiteside and adjoining counties, Kankakee and adjoining 
counties, and in smaller areas in many other parts of Illinois. 

The Green Valley field contains a series of ten tenth-acre plots in 
the “complete fertility tests,” and also three series of ten plots each in 
the three-year rotation experiments. As the experiments have been in 
progress only two years, no definite conclusions can be drawn from the 
rotation plots, but the ‘‘complete fertility tests,’ which are designed to 
furnish inforniation as quickly as possible (commercial nitrogen being 
used instead of waiting for legumes to grow as we do in the rotations), 
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have already furnished some marked results, as will be seen by reference 
to Table 6. To those who are familiar with these sand ridge soils, the 
fact will be appreciated that it is practically impossible to find ten acres 
of this land with even approximately uniform soil. This experiment 
field is about as uniform for this land as can well be found; but in each 
series there are two or three plots which are markedly better land than 
the remainder of the series. This better soil occupies somewhat. lower 
lying land, which has received some wash from the higher land, 
and is consequently richer, especially in organic matter and nitrogen, 
and more productive than the average sand soil. As in all of our soil 
experiment fields, wherever there is noticeable variation in the soil, the 
check plot, that is, the plot receiving no treatment, is located on the 
best land (as in the Momence field, for example), in order that the effects 
which may be produced by the different kinds of soil treatment shall never 
be exaggerated, even though they may sometimes be minimized. 

For comparative purposes the results obtained on Plots 1 and 2 have 
practically no value, and they are ignored in computing the averages 
given in the last three lines in Table 6. It is of interest to note, how- 
ever, that the yield of corn on those two plots markedly decreased from 
1902 to 1903, while every plot receiving nitrogen with either phosphorus 
or potassium, or both, gave a higher yield in 1903. 


TaBLE 6.—Crop YIELDS IN Sort EXPERIMENTS; GREEN VALLEY FIELD, 1902 aNnpD 


Yields per acre. 


Soil sg ho Oi tl ate RE ERE ABTS id 
plot Soil treatment applied to Corn, bushels. Stover, pounds. 
No. sand soil. SSaes as hp een note | rae SA aR CED 
1902. 1903. 1902. 1903. 
ROE a, Ong Pe Roel PS chats! Sooo 68.7 56.3 3,660 3,860 
AEE DL ITV ee, eel es ee ells es 68:2* | 42.0* | 2,820*| 3,460* 
BUA LATOC, DITOR ER Foe te o's 6 eee en os 68 .6 65.4 2,880 4,180 
404 | Lime, phosphorus.............. 30.3 24.9 1,940 3,000 
BOp) ie Lite, pObassitim. ee 2.8. 2 a Se oe 230k 20.1 1,920 3,080 
406 | Lime, nitrogen, phosphorus...... 57.4 69.8 3,080 4,400 
407 | Lime, nitrogen, potassium ....... 70.0 12,9 3,620 4,940 
408 | Lime, phosphorus, potassium .... 49.8 36.6 3,180 3,820 
409 | Lime, nitrogen, phosphorus, 
NOLASSIUMYs Alene cis i) ise: 69.5 69.8 3,580 4,680 
410 Nitrogen, phosphorus, 
DOURSSMITIE Thee eM ct ee 57.2 66. | 3,520 4,540 
L-+N, gain for nitrogen ....... A* 23 .4* 60* 720* 
LP +N, gain for nitrogen ...... 7 ea | 44.9 1,140 1,400 
LK +N, gain for nitrogen ...... 46.9 52.8 1,700 1,860 
LPK +N, gain for nitrogen .... LON 30.2 400 860 
Average gain for nitrogen ....... 31.2 42.6 1,080 1,373 
Average gain for phosphorus .... 5.0 7.0 473 233 
Average gain for potassium...... 11.0 7.4 827 620 


*Results based on Plots 1 and 2 are omitted in the averages for reasons 
explained in the text. 
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After discarding Plots 1 and 2, we still have a triplicate test as to 
the effect of each of the elements, nitrogen, phosphorus, and potassium. 
‘Thus, in 1902, Plot 4 (lime and phosphorus), produced 30 bushels of corn, 
while Plot 6 (lime, nitrogen, and phosphorus), produced 57 bushels, a 
gain of 27 bushels for nitrogen. Plot 5 (lime and potassium) produced 
23 bushels, while Plot 7 (lime, nitrogen, potassium), produced 70 bush- 
els, a gain of 47 bushels for nitrogen. Plot 8 (lime phosphorus, potas- 
sium), produced 49 bushels, while Plot 9 (lime, nitrogen, phosphorus, 
potassium) produced 69 bushels, a gain of 20 bushels for nitrogen, the 
average of these three different tests being 31 bushels gain for nitrogen, as 
recorded under “average gain for nitrogen.’’? By similar methods it 
is found that, in 1903, the average increase in yield produced by nitrogen 
was 42.6 bushels while phosphorus produced an average increase of 5 
bushels in 1902 and 7 bushels in 1903, and potassium an increase of 11 
bushels in 1902 and 7.4 bushels in 1903. 

No one should conclude from these results that the purchase of com- 
mercial nitrogen for use on these sand soils is likely to be profitable. 
The annual application of nitrogen which we have made is 100 pounds 
per acre (about 800 pounds of dried blood), which is barely sufficient 
for a crop of 70 bushels (grain and stover). This amount of nitrogen 
costs $15.00 in the market. At 30 cents a bushel, it would require 45 
bushels of corn to pay for the original cost of the nitrogen. What these 
experiments teach, and that very emphatically, is the very great impor- 
tance of growing legumes, or using farm manure, or both, on this sand 
soil. Although clover does not grow well on this soil, as a rule, we now 
have conclusive evidence from our rotation experiments, and from nu- 
merous trials which different farmers have been induced to make, that 
cowpeas are well adapted to this soil, and that its productive capacity 
can be very greatly increased by means of cowpeas alone. 

Further investigation is required to determine whether lime, phos- 
phorus, or potassium can be applied to this soil with profit. Certainly 
they should not be used extensively until the possibilities of cowpeas, 
soy beans, vetch, or other legumes are better known. ‘There is reason 
to believe that alfalfa will do well on this soil if it is once well started, 
as it probably can be by using farm manure and turning under cowpeas, 
perhaps with the addition of one or two tons per acre of ground limestone. 
It is strongly recommended that such trials be made with alfalfa (on a 
small scale at first), providing it with the best possible conditions, includ- 
ing a supply of the alfalfa bacteria, and, if necessary, phosphorus and 
potassium. 

It is believed that this information regarding sand ridge soils can be 
applied with marked advantage to very sandy swamp soils, especially 
where the original peaty material was confined to a few inches of top 
soil which has been worn out or destroyed by cultivation. 


x 
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SourRcES AND USE oF POTASSIUM. 


From the results given in the preceding pages, the fact will be appre- 
ciated that the element potassium is a commodity of value, especially 
for the farmer who has to deal with peaty swamp soils. The commer- 
cial value of potassium is about 6 cents a pound for the element in sol- 
uble form. There are three common forms of potassium on the market: 
Potassium chlorid, which contains about 42 percent of potassium; 
potassium sulfate, containing 40 percent of potassium; and kainit, a 
crude mineral, containing only 10 percent of potassium. Potassium chlo- 
rid is frequently, but very incorrectly, called ‘‘muriate of potash.” 
Potassium chlorid contains the two elements, potassium and chlorin, 
as the name indicates. The word “muriate” has no meaning except 
that the ending, ate, indicates that the compound contains oxygen, which 
is not the case. ‘Potash’ is a compound of potassium and oxygen, 
which is not contained in potassium chlorid. It is certainly better for 
the farmer to say potassium and potassium chlorid and be correct and 
intelligent about it than to say “potash” and “muriate of potash,” and 
be confused and ignorant as to the nature of the compound. 

It should be understood that the law of Illinois requires that every 
bag of potassium fertilizer sold in the state shall bear a printed label 
stating the percentage of the element potassium which the material con- 
tains, as well as the total number of pounds of material contained in the 
bag. 

If a bag is marked ‘200 pounds,” and the label ‘42 to 44 percent 
potassium,” this means that the 200 pounds of material contains about 
42 percent (or 42 pounds in 100 pounds) of the element potassium, which 
would make 84 pounds of potassium in the bag, or 840 pounds in a ton, 
which, at 6 cents a pound, would. make the salt worth $50.40 a ton. 

If the bag is marked “200 pounds” and the label ‘10 to 11 percent 
potassium,” this means that the bag contains about 20 pounds of the 
element potassium, which would make 200 pounds of potassium in a 
ton. At 6 cents a pound for potassium, this material would be worth 
$12 a ton. 

It is true that fertilizer dealers frequently print on the bag the equiv- 
alent percentages of “potash,” “‘muriate of potash,” “sulfate of potash,” 
etc., the chief effect of which is to make “big figures” and confuse the 
purchaser, but any farmer can understand the matter of buying potas- 
sium if he will look for the percentage of potassium. ‘This is the number 
of pounds of potassium contained in 100 pounds of the material. A 
ton would contain 20 times as much potassium, and this is worth 6 cents 
a pound in Chicago. 

It is understood that Armour Fertilizers Works, Union Stock Yards, 
Chicago, A. Smith & Brother, Tampico, Whiteside County, Illinois, and 
Chas. H. Chridy, Havana, Mason County, Illinois, are taking out licenses 
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to sell potassium chlorid, and possibly kainit. Armour Fertilizers Works 
quote a price of $50 a ton for potassium chlorid and $15 a ton for kainit, 
for ton lots in Chicago, or for carload lots delivered to any point in Illi- 
nois. At these prices potassium costs 6 cents a pound in potassium — 
chlorid, and 74 cents a pound in kainit. A ton of potassium chlorid 
contains 840 pounds of the element potassium, while a ton of kainit 
contains only 200 pounds of potassium. 

When we remember that a hundred-bushel crop of corn contains 71 
pounds of potassium (19 in the grain and 52 in the stover) besides that 
contained in the roots, it will be seen that 200 pounds of potassium 
chlorid (84 pounds of the element) will be barely sufficient for the first 
crop. If, however, only the ear corn is removed from the land, the stalks 
being pastured and plowed under, only about 20 pounds of potassium 
are actually removed from the soil each year, even with a very large 
crop, the larger part of the potassium being thus left for the benefit of suc- 
ceeding crops. Of course the potassium in the stalks is much less readily 
available than that in potassium chlorid. Nevertheless, as the stalks 
decay, the potassium will gradually become available. If the stalks are 
burned, the potassium remains in the ashes, but usually these are left 
in windrows, and consequently not well distributed for the next crop. 

Farm manure contains about 10 pounds of potassium in a ton, but 
most farm manure decays slowly, a fact which is evidenced by the last- 
ing effect of manure, its value being commonly greater for the second 
crop than for the first after its application, while many succeeding crops 
may show its effect. Horse manure decays much more quickly than 
cattle manure, and consequently the potassium in horse manure is quite 
readily available. (The potassium in ordinary manure and in corn stalks 
is probably not worth more than 14 or 2 cents a pound, as compared with 
6 cents a pound for soluble potassium. On this basis, for use on peaty 
swamp soils, rich in organic matter, nitrogen, and phosphorus, ordinary 
farm manure is worth about 20 cents a ton when potassium chlorid is 
worth $50 a ton. It should not be forgotten that one ton of potassium 
chlorid contains as much potassium as 84 tons of average fresh farm 
manure. Manure would be worth only 60 cents a ton for potassium if 
the potassium were all readily available. fee? 

It is certain that if we are raising corn on peaty swamp soil, rich 
in everything except potassium, and if only about one-fifth of the potas- 
sium absolutely required to make a crop is actually removed in the ear 
corn, it is very unscientific and very poor farm practice to be stingy with 
the potassium which we supply. On such soils as those on which our 
experiment fields are located at Tampico, Momence, and Manito, not less 
than 200 pounds of potassium chlorid per annum should be applied for 
the first one or two years. After that, if the stalks are not removed from 
the land, probably 100 pounds a year will be sufficient, and perhaps 
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this can finally be reduced to 50 pounds a year, as this would furnish 
21 pounds of potassium a year, which is slightly more than would be re- 
moved in one hundred -bushels of corn. 

It.is well known that in ordinary soils potassium applied in soluble 
form is not lost by leaching, and it is evident from the experiments re- 
ported in this bulletin, especially those on the Manito Field, that peaty 
soil also has some power to fix and hold potassium from one year to 
another, even during seasons of abundant rainfall. 


Metuops or AppLyING PoTassiIuM SALTS TO THE LAND. 


Potassium salts may be applied in the fall or spring, but preferably 
at least one or two weeks before the corn is planted. The material 
should never be applied in the hill with corn, for the reason that it may 
destroy the germinating power of the seed or injure the young plant, 
and also because the roots of the corn plant do not stay in the hill, but 
they grow out through the soil in all directions, absorbing moisture and 
plant food. Corn fertilized in the hill, if the seed or young plants are not 
injured, frequently makes an abnormally strong growth for a few weeks, 
and later in the season suffers from dry weather more than ordinary 
corn, whose roots have developed more normally. 

Potassium or other fertilizing material should be applied broadcast 
or in narrow drills, as a general rule. Any salt of potassium may be 
applied easily and quickly by hand, sowing or scattering it from the 
wagon. One farmer in Whiteside County reports having applied 100 
pounds to the acre over 22 acres of land in less than three-quarters of 
a day, a boy being provided to drive the team. Sowing potassium chlorid 
by hand is less difficult than sowing wheat or oats by hand, because 
of the necessity of securing a uniform stand of wheat or oats, while it 
would matter but little if there should be a few square feet now and then 
which received no potassium. It passes into solution before it becomes 
fixed in the soil, and will thus be distributed somewhat, and the subse- 
quent preparation of the seed bed and the cultivation of the corn will 
tend to mix it more uniformly with the soil. 

An end gate seeder is a very good implement for applying potassium 
salts. Probably most farmers could apply the material about as rapidly 
and more uniformly with an end gate seeder than by hand. 

It is good practice to apply the potassium after plowing and then to 
mix it with the soil by disking, harrowing, etc., in the usual preparation 
of the seed bed. It should not be applied when the ground is frozen if 
there is likely to be any overflow or surface drainage before the potassium 
salt dissolves and soaks into the soil. 
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REPORTS FROM FARMERS USING POTASSIUM ON PEATY SWAMP SOILS. - 


Several farmers are using potassium on peaty soils near Manito, 
both in Mason County and in Tazewell County. Most of them use kainit, 
because of its low price per ton. (Potassium chlorid is really much 
cheaper.) About 300 pounds of kainit (30 pounds of potassium) is the 
usual application. ‘This increases the yield sufficiently so that the farm- 
ing is not done at a loss, but the yield rarely exceeds half a crop; and 
when we consider that this peaty swamp soil is one of the richest soils in 
the state in the element phosphorus, and by far the richest in nitrogen, 
there is no apparent reason why this soil should not produce 75 to 100 
bushels of corn if sufficient potassium is provided. A considerable number 
of farmers near Tampico have made some use of potassium during the 
past season, and in all cases I think they have used high grade material; 
that is, potassium chlorid or potassium sulfate (the sulfate is slightly 
more expensive than the chlorid.) 

As a rule, through careless oversight or thoughtlessness, farmers do 
not have check plots. Too frequently they do not consider that abso- 
lute knowledge has a high money value in farming as well as in other 
kinds of business. It is a simple matter to leave a two-rod strip of aver- 
age land across the field, taking care that no potassium is applied to this 
strip. It is true that the yield of corn will be lower on this strip than 
where potassium is applied, but it will furnish a direct comparison as to 
the effect of the potassium, and this knowledge may be worth many 
times the loss in yield as a guide in subsequent years. This check strip 
should be left untreated for two or three years at least. 

During the season of 1903 the writer visited several fields in White- 
side County where potassium chlorid (or sulfate) had been applied for 
corn. By comparing the corn on these fields with corn on adjoining 
farms or fields where no potassium had been used, very marked effects 
were commonly apparent. 

Under date of Nov. 6, 1908, Mr. J. H. Milligan, of Tampico, writes: 


“Mr. Wheeiock’s corn is making from 65 to 70 bushels per acre. This is about 
30 to 35 bushels net for potassium. : 

“Mr. Cortes applied potassium (chlorid or sulfate) at the rates of 40 p@unds, 
60 pounds, and 100 pounds per acre. The 40 pounds gave no result, the 60 pounds 
better growth, the 100 pounds makes him ‘corn yielding 50 bushels per acre. He 
applied in the field on good and bad spots alike. He says where he applied 100 
pounds to the acre, the corn grew and yields all about alike, showing no bad spots 
in growth or yield. He thinks the potassium has made 50 bushels net on all bad 
spots.” 


Under date of Nov. 3, 1903, Dr. J. H. Mosher, of Prophetstown, 
Whiteside County, writes: 


“Tn reply to yours, would say I used muriate of potash of Armour & Co. I paid 
$56 a ton. I don’t know the percent of potassium, Tenant applied 100 to 125 
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pounds per acre broadcast. Where applied the yield is increased 30 bushels per 
acre—from 20 to 50. ‘Tenant says in spots of an acre or so it doesn’t show much 
effect. There may be some other trouble with that land.” 


ARK ALT (SO1LS: 


It should be understood that the peaty swamp soils reported in this 
bulletin are not the same as the so-called ‘‘alkali” or ‘bogus’ soils. These 
“alkali” spots are very numerous in central and northern Illinois. They 
usually occur in the midst of the very best farming lands. They vary 
in size from a few square rods to several acres. They are being inves- 
tigated, and some information regarding them has already been obtained, 
and it seems appropriate that a brief preliminary report regarding these 
“alkali” spots should be made in this bulletin, but this report must be 
considered as tentative and suggestive and not conclusive. Further in- 
vestigation is needed before complete or definité information regarding 
these soils can be obtained. 

The most common kind of so-called “alkali” spot which we have found 
does contain alkali, and the soil is not improperly called alkali soil. The 
alkali, however, is not sodium carbonate, the ordinary strong alkali of 
the soils of arid countries, but it is magnesium carbonate, a mild alkali. 
The magnesium carbonate is usually associated with much larger quan- 
tities of calcium carbonate (limestone is calcium carbonate). Although 
magnesium is one of the essential elements of plant food, yet an excessive 
amount of magnesium carbonate and bicarbonate becomes poisonous to 
plants, especially to corn and millet. 

Usually the magnesium carbonate is more concentrated in the sub- 
soil than in the surface, and if we can provide perfect underdrainage 
and prevent so far as possible the magnesium carbonate and more sol- 
uble bicarbonate from rising to the surface, and also provide abundance 
of plant food in the surface soil so that the corn roots are not required 
to live in the subsoil, these alkali soils can be made to grow good corn. 
In some cases applications of potassium salts may prove beneficial, 
but as a rule the most practical method for improving these soils is to 
provide good, deep underdrainage and then plow under coarse organic 
matter, such as straw, coarse manure, green oats, weeds, etc. This ma- 
terial helps the drainage, tends to prevent the rise of the alkali by retard- 
ing surface evaporation, and as it decays it liberates plant food in the sur- 
face soil, and it may be that organic acids are also liberated which unite 
with the magnesium to form less harmful compounds. 

We have already ascertained that the magnesium can be removed 
from the soil by leaching or drainage after being transformed into the 
perfectly soluble magnesium sulfate by the double decomposition of mag- 
nesium carbonate and calcium sulfate, leaving behind harmless calcium 
carbonate (limestone), and we hope soon to determine whether the quan- 
tity and cost of calcium sulfate (gypsum, or land plaster) and the time 
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required for the leaching process will prove to be too great to permit 
this to be done economically. . 

If no manure or other material is at hand, it is well to sow oats on 
these spots, and if they grow rank and fall down plow them under. 
One or two heavy crops of green oats plowed under will usually put the 
soil in condition to grow one or more crops of corn, and with perfect 
drainage these soils will usually improve with heavy cropping, for they 
are frequently very rich in all elements of plant food. Plenty of tile, 
laid deep and made to work (if necessary by surrounding them with straw, 
corn cobs, brush, etc.) is all that some of these spots need to make them 
grow corn. 


METHODS OF SoIL INVESTIGATION. 


The Experiment Station does not undertake to analyze miscellaneous 
samples of soil for private parties. First, because the total annual ap- 
propriation for all soil investigations is less than 124 cents for each quarter 
section of Illinois land, while it costs at least $25, or 200 times 124 cents, 
to analyze a single sample of soil. Second, because analyses of miscel- 
laneous samples of soil, collected by unauthorized and untrained persons, 
by inaccurate and non-uniform methods, usually imperfectly represent- 
ing a single field, or sometimes a mere patch of ground, would be of little 
value even to the owner of the piece of eas and probably of no value 
to the agriculture of a state. 

That farmers generally understand and appreciate that the State Ex- 
periment Station cannot, and ought not, to make such analyses is evi- 
denced by the fact that, with few exceptions, there has been no demand 
upon us by Illinois citizens for such private work at public expense. 
That it would be impossible to do such work for all Illinois citizens is 
also evidenced by the fact that we have received as many as eleven samples 
of soil from one man with the request that they should all be analyzed 

The investigation of Illinois soils is being conducted, first, by a Gen- 
eral Soil Survey, and second, by a Detail Soil Survey. In the general 
survey the state is divided into very large soil areas, the divisions being 
based largely upon the soil formation of the areas. The principal type 
of soil in each great area is then investigated and reported upon. This 
gives valuable information concerning all of the principal or most exten- 
sive types of soil in the State, although it does not give all of the exact 
boundary lines of these types, and it does not include any investigation 
of minor or less extensive types of soil, several of which may be inter- 
spersed with the principal type of the area. A preliminary report on 
the general survey has already been made in Circular No. 68, and a more 
complete report is nearly ready for publication in bulletin form. 

The detail survey is being carried on as rapidly as it can be done 
with accuracy. In the detail survey all the soils in an area which is being 
surveyed are gone over very carefully by men who are trained for this 
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work, a complete soil map being made of all the different types of soil 
in the area. This soil map shows the location, extent, and boundary 
line of each soil type. In this detail soil mapping the Illinois Experi- 
ment Station and the Bureau of Soils: of the United States Department 
of Agriculture are working in close co-operation. Each of these types of 
soil is then investigated by the Experiment Station, not only by analyzing 
samples of the soil, but, so far as possible, by pot cultures and by field 
experiments similar to those described in this bulletin. All soil samples 
taken for analysis are collected by Experiment Station men, who are 
familiar with the most accurate and scientific methods of sampling soils, 
in order that the samples shall be taken by uniform methods which shall 
render them comparable, and that they shall be truly typical samples 
of the different strata of the kind of soil which they are to represent. 
If the samples do not truly represent the soil type, the analyses would, 
of course, be practically worthless. It will never be possible for the Ex- 
periment Station to analyze the soil from every field of every Illinois 
farm, but it is possible and practicable to map the soils of the state in 
detail, and then to analyze representative samples of every type, so that 
ultimately every farmer can know what type or types of soil cover his 
farm, what the average composition is of each type, what crops are best 
adapted to the different soils, and what kinds of soil treatment or man- 
agement are required to maintain or increase the crop yields. 

More than one-tenth of the state has now been covered by the detail 
soil survey, and the samples which have been collected are now being 
analyzed and the results will be published in bulletin form from time to 
time, as the work progresses. EXvery farmer should make the greatest 
possible use of the reports on the general survey until such time as the 
detail survey is extended over his land. Circular No. 68, already pub- 
lished, furnishes information which more than half the farmers in [Illinois 
can apply to their own soils, if they will study it as other business men 
study their business. 
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NITROGEN BACTERIA AND LEGUMES 


(With SpECcIAL REFERENCE TO RED CLOVER, Cowpkas, Soy BEans, 
ALFALFA, AND SWEET CLOVER, ON ILLINOIS SOILs). 


By CYRIL: G HOPKINS. 


Work and Knowledge are a stronger team than Work and Work. 


EP) 


URBANA, ILLINOIS, FEBRUARY, 1904. 


SUMMARY OF BULLETIN No. 94. 


1. Soil nitrogen cannot be used by plants until it is changed to the form of 
nitrate nitrogen by the nitrifying bacteria. Page 307 
2. Atmospheric nitrogen cannot be used by any agricultural plants, excepting 
legumes, and even leguminous plants have no power to obtain nitrogen from the 
air unless they are provided with the proper nitrogen-gathering bacteria. Page 309 
3. Asa rule each important agricultural legume must have its own particular 
species of bacteria. Page 311 
4. The frequent failure of red clover in normal seasons, especially on normal 
soils occupying the highest land, is undoubtedly due in part at least to the absence 
of the proper bacteria (sometimes the soil lacks lime or phosphorus). Page 313 
5. On the very acid soils, where clover has never been grown successfully, 
applications of ground limestone should be made where legumes are to be grown. 
Page 315 
6. Cowpeas need not be inoculated, because the cowpea bacteria are usually 
either present in the soil or are introduced with the seed in sufficient numbers to 
effect a good degree of infection if the soil is suitable and if cowpeas are seeded 
upon the same land for two successive years. Page 317 
7. Cowpeas grown on infected soil on the University of Illinois soil experiment 
field contained four times as much nitrogen as the same kind of cowpeas grown 
on similar land which was not infected. Page 319 
8. Asarule soy bean fields should be inoculated when first seeded to soy beans, 
otherwise they may be grown on the same land for three or four years before the 
soil becomes thoroughly infected. Page 320 
9. Investigations, reported in this bulletin, furnish conclusive proof that in- 
fected sweet clover soil can be used for inoculating alfalfa fields and with the same 
results as are obtained when the infected soil is obtained from an old alfalfa field. 
(Sweet clover is a tall, rank-growing, sweet-scented leguminous plant widely dis- 
tributed over Illinois, especially along the roadsides in the northern and central parts 
of the state, and in many places in bottom lands in southern Illinois.) Page 324 
10. This bulletin will be sent free of charge to any one interested in Illinois 
agriculture upon request to E. Davenport, Director Agricultural Experiment Sta- 
tion, Urbana, Illinois; and, if so requested, the name of the applicant will be placed 
upon the permanent mailing list of the Experiment Station, so that all bulletins 
will be sent to him as they are issued. 
Conclusions Page 327 
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Ween Na bAC TERTAT AND LEGUMES 


(WirH SpEcIAL REFERENCE TO RED CLovER, Cowrpsas, Soy BrEans, 
ALFALFA, AND SWEET CLOVER, ON ILLINOIS SOILs). 


By CYRIL G. HOPKINS, Curer In AGRonoMy AND CHEMISTRY. 


Among the several different classes or groups of bacteria there are 
two which are of special importance to agriculture because of their 
relation to the element nitrogen, this being commonly considered the 
most valuable element of plant food.* These two classes of bacteria 
are, first, the nitrifying bacteria, and, second, the nitrogen-gathering 
bacteria. 

THe NITRIFYING BACTERIA. 


The nitrifying bacteria are those which have the power to form 
nitrates. In the following brief discussion of this subject we include at 
least three species of bacteria which by their combined or successive 
action have the power to transform organic nitrogen into nitrate nitro- 
gen, which is a suitable form of nitrogen for plant food. For the exact 
information which we now have regarding the nitrifying bacteria we are 
indebted to the researches of Pasteur and Schlosing and Miintz of 
France, Winogradsky of Russia, Warington of England, and others. 

The nitrogen in the soil is almost entirely in organic compounds; that 
is, the nitrogen (which is a gas in the free, or uncombined, state) is 
united or combined with other elements, notably with carbon, hydrogen, 
and oxygen, in the form of partially decayed vegetable or organic matter. 
(By organic matter we mean matter which has been formed by the growth 
of some organism, either plant or animal, as grass or flesh.) Plants 
cannot use the free nitrogen of the air as plant food, neither can they 
use the organic compounds of nitrogen which occur in the soil. There 


*It should be remembered that there are ten essential elements of plant food 
each of which is of equal importance to the plant, for if the plant is deprived of any 
one of the ten essential elements it is impossible for it to develop and mature. Car- 
bon has no market value as plant food because the plant obtains carbon in the form of 
of carbon dioxid, a gas which is present everywhere in the atmosphere and which 
the plant inhales through its leaves. Both hydrogen and oxygen are without 
market value because they are the elements which compose water, a liquid com- 
pound which plants absorb through their roots. Calcium, magnesium, iron, and 
sulfur have no market value as elements of plant food because they are present 
in practically all soils in abundance as compared with the amounts required in 
plant growth. The three elements nitrogen, phosphorus, and potassium, do have 
market values, because they are required by plants in very considerable quantities, 
and they are present in most soils in rather limited amounts, and when the avail- 
able supply of any one of these elements becomes too much reduced in a soil the 
crop yield also becomes reduced. For further information regarding the use of these 
elements of plant food on Illinois soils, see Circular No, 68, ‘“Methods of Maintain- 
ing the Productive Capacity of Illinois Soils.” 


307 


308 Buuuetin No. 94. [February, 


are at least three different kinds of bacteria, and also three different 
steps or stages involved in the process of nitrification, the nitrogen being 
changed from the organic compounds first into the ammonia* form, second, 
into the nitrite form, and third into the nitrate form. During the 
process the nitrogen is separated from the carbon and other elements 
composing the insoluble organic matter, and is united or combined with 
oxygen and some alkaline element (as calcium) to form the soluble 
nitrate, such as calcium nitrate, which is one of the most suitable com- 
pounds of nitrogen for plant food. Calcium is the alkaline element con- 
tained in lime or limestone. The name calcium nitrate indicates just 
what elements this compound contains; namely, calcium, nitrogen, and 
oxygen. (Inthe names of compounds the ending -ate always means 
oxygen.) : , 

This is the general process of nitrification in which the nitrifying 
bacteria transform or transfer the nitrogen from insoluble organic com- 
pounds into soluble compounds in which it may serve as available plant 
food. The nitrate which is thus formed may be calcium nitrate or 
magnesium nitrate or potassium nitrate or even sodium nitrate, depend- 
ing upon which of these alkaline elements is present in the must suitable 
form. If no alkaline element is present in available form then no nitrates 
can be made in the soil. One of the reasons for applying ground lime- 
stone to soils which are deficient in lime is to furnish the element 
calcium in suitable form for the formation of nitrates in the process 
of nitrification. Ground limestone is calcium carbonate (CaCQO,), a 
compound containing one atom of calcium (Ca), one atom of carbon (C) 
and three atoms of oxygen (O,). This is the same form of lime which 
is contained naturally in limestone soils—soils which are noted for. their 
great productiveness—and it is generally the most economical form of 
lime to use for correcting soil acidity and promoting nitrification. 

In the process of nitrification, that is in the formation of nitrates, 
there is required, not only the presence of calcium, or some other alkaline 
element, in suitable form, but also a good supply of the element oxygen; 
for calcium nitrate, Ca(NQ,)., contains one atom of calcium (Ca), two 
atoms of nitrogen (N),, and six atoms of oxygen (O,)., in each molecule 
as indicated in the formula, Ca(NO,),. Magnesium nitrate, Mg(NO,),, 
potassium nitrate, KNO, (K is from the Latin word Kalium, which means 
potassium), and all other nitrates, also, contain oxygen. The supply 
of oxygen for the formation of nitrates in the soil comes from the air, 
which consists of about twenty percent oxygen, seventy-eight percent 
nitrogen, and two percent of other elements and compounds, as argon, — 
carbon dioxid, CO,, ‘water vapor, H,O, etc. One of the important 
effects of cultivation, or tillage, is that it permits the air more freely to 
enter the soil, and thus promotes nitrification. 


* Technically this first step is preliminary to, and not a part of, nitrification. 
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THE NITROGEN-GATHERING BACTERIA. 


As stated above, the nitrogen naturally in the soil is contained almost 
entirely in the organic matter. Any process which tends to decompose 
or destroy this organic matter, such as nitrification or other forms of 
oxidation, will also tend to reduce the total stock of nitrogen in the 
soil. Because of this fact the matter of. restoring nitrogen to the soil 
becomes of very great importance. Of course a part of the nitrogen 
removed in crops may be returned in the manure produced on the farm; 
and nitrogen may also be bought in the markets in such forms as sodium 
nitrate (containing 15 to 16 percent of nitrogen), ammonium sulfate 
(containing 20 to 21 percent of nitrogen), and dried blood (containing 
12 to 15 percent nitrogen); but, when we bear in mind that such com- 
mercial nitrogen costs about 15 cents a pound, and that one bushel of 
corn contains about one pound of nitrogen, it will be seen at once that 
the purchase of nitrogen cannot be considered practicable in general 
farming, although in market gardening, and in some other kinds of 
intensive agriculture, commercial nitrogen can often be used with very 
marked profit. 

Nitrogen is removed from the soil not only in the crops grown, but 
also, and frequently in larger amounts per annum, in the drainage 
waters, and in some other ways, as by denitrification and by the blow- 
ing and washing of the surface soil. Professor Snyder, of the Minnesota 
Experiment Station, has shown that during a series of years the total 
loss of nitrogen from some Minnesota soils in some cases amounts to 
several times the amount actually used in the crops produced. 

Considering all of these facts, and the additional facts that there are 
about seventy-five million pounds of atmospheric nitrogen resting upon 
every acre of land, and that it is possible to obtain unlimited quantities 
of nitrogen from the air for use of farm crops, and at very small cost, the 
inevitable conclusion is that the inexhaustible supply of nitrogen in the 
air is the store from which we must draw to maintain a sufficient amount 
of this element in the soil for the most profitable crop yields. 

It is often stated that leguminous plants, such as clover, have power 
to obtain free nitrogen from the air.» This is not strictly true. Red 
clover, for example, has no power in itself to get nitrogen from the air. 
It is true, however, that the microscopic organisms* which commonly 
live in tubercles upon the roots of the clover plant do have the power to | 
take free nitrogen from the air and cause it to unite with other elements 
to form compounds suitable for plant food. The clover plant then draws 


*Among the scientists who were prominent in making these discoveries regard-- 
ing the action of bacteria in the fixation of atmospheric nitrogen were Hellriegel, 
Willfarth, and Nobbe in Germany, Atwater in America, Lawes and Gilbert in Eng- 
land, and Boussingault and Ville in France. 
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upon this combined nitrogen in the root tubercles, and makes use of it 
in its own growth, both in the tops and in the roots of the plant. 

These nitrogen-gathering bacteria live in tubercles upon the roots 
of various leguminous plants,* such as red clover, white clover, alfalfa, 
sweet clover, cowpeas, soy beans, vetch, field-peas, garden-peas, field 
and garden beans, etc. ‘These tubercles vary in size from a pinhead to 
a pea, varying with the different kinds of plants, being especially small 
upon some of the clovers, and very large upon cowpeas and soy beans. 


*It may be well to call attention to the fact that there are numerous instances 
where two different kinds of plants live together_in intimate partnership relation. 
If only one of the two plants receives benefit from this relationship or association, 
then the plant receiving the benefit is called a parasite. Thus the mistletoe is a 
parasite upon the elm or gum or other tree on which it lives. The mistletoe draws 
its nourishment from the tree. The tree is injured rather than benefited by the 
mistletoe. Dodder is also a parasitic plant, living upon other plants, except during 
the early part of its growth. ‘Ticks and lice are common examples of animal para- 
sites living upon other animals. 

In some cases a relationship exists which is not parasitic but symbiotic. The 
term symbiosis, which is commonly used by biologists to define this relationship, 
means living together in mutual helpfulness. The association of bees and flowers 
may serve to illustrate this mutual helpfulness, although this is not an example of 
intimate symbiosis. ‘Thus the bees obtain their food from the flowers and, in turn, 
the flowers, many of them, are incapable of producing seed or fruit unless the pollen 
is carried from the male flower to the female flower by bees or other agencies. It is 
well known that plant lice and ants are mutually helpful. 

Likewise the association of nitrogen-gathering bacteria and leguminous plants is 
a relationship of mutual helpfulness and this is one of the best illustrations of what 
is meant by symbiosis. The legume furnishes a home for the bacteria and also 
furnishes in its juice or sap most of the nourishment upon which the bacteria live. 
The bacteria, on the other hand, take nitrogen from the air contained in the pores of 
the soil, and cause this nitrogen to combine with other elements in suitable form 
for plant food which is then given up to the legume for its own nourishment. 

Another illustration of remarkable parasitism, if not, indeed, one of true sym- 
biosis, is found in the common lichens living upon rocks and trees. The lichen is 
not a single plant, but two plants—an alga, which lives upon the wood or stone, 
and a fungus which lives upon the alga. Algz also live in the free state separate 
from fungi, and the present opinion of botanists seems to be that when the two are 
associated in the form of lichens this association is not detrimental, but rather 
beneficial, to the alga, as well as to the parasitic fungus. If this is true, then it is 
another case of true symbiosis. (There is reason to believe that the fungus has 
some power to feed upon atmospheric nitrogen, and then to furnish combined 
nitrogen: to the alga upon which it lives.) 

In the symbiosis of leguminous plants and nitrogen-gathering bacteria we have 
a partnership or relationship of immeasurable value to agriculture. Here is a class 
of plants (legumes) that.are capable of consuming or utilizing nitrogen in quantities — 
larger than could possibly be obtained from ordinary soils for any considerable 
length of time. They have no power in themselves of taking nitrogen from the 
atmosphere, and to them the symbiotic relation with this low order of plants (the 
nitrogen-gathering bacteria) is especially helpful, and for the best results it is 
absolutely necessary. 


a 


, 
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The tubercles are, of course, easily seen with the-eye, but the tubercle is 
only the home of the bacteria, somewhat as the ball upon the willow 
twig is the home of the insects within. The bacteria themselves are far 
too small to be seen with the unaided eye, although they can be seen by 
means of the most powerful microscope. Several million bacteria may 
inhabit a single tubercle. . It is not necessary to see the bacteria, because 
if we find the tubercles upon the roots of the plant, we know that the 
bacteria are present within, as otherwise the tubercle would not be 
formed. 

Although the plant itself, as clover, for example, has no power to 
feed upon the free or uncombined nitrogen in the air, yet these nitrogen- 
gathering bacteria do have the power to absorb the free nitrogen and 
cause it to combine with other elements, forming nitrates or other com- 
pounds wnich are suitable forms of nitrogen for plant food. 

It has also been demonstrated that, as a rule, there are different 
species of nitrogen-gathering bacteria for markedly different species of 
leguminous plants. Thus we have one kind of bacteria for red clover, 
another kind for cowpeas, another kind for soy beans, and still a different 
kind for alfalfa.* 

THE Rep CLOVER BACTERIA. 


That clover has no power in itself to gather atmospheric nitrogen, 
and that the bacteria do have power to feed the clover plant with nitrogen 
gathered from the air is very easy to demonstrate. It is one of the 
regular laboratory practices of the students in soil fertility in the Agri- 
cultural College to make this demonstration. Plate 1 is an illustration 
of such student work. The two pots which are shown were provided 
with all elements of plant food, excepting the one element nitrogen. 
Thus far the two pots are exactly alike. Each contains no nitrogen, as 
indicated by the label ‘‘No N.”’ Each pot is planted with the same 
number of red clover seeds. To the right-hand pot, however, some 
bacteria (‘‘Bac.’’) were added, while none were added to the left-hand 
pot. These bacteria were obtained by taking about one pound of soil 
from a clover-field where abundance of tubercles were found on the 


*There are some noteworthy exceptions to this rule (see following pages for 
illustration), and there is some evidence that; by a comparatively long process of 
breeding, or evolution, the bacteria which naturally live upon one kind of legume 
may gradually develop the power to live upon a distinctly different legume to which 
they were not at first adapted. Of course this process of forcing bacteria to live 
upon a legume to which they are not naturally adapted has little or no practical 
value because it is unnecessary if there is a species of bacteria which naturally 
lives upon the same legume. On the other hand, if, by any such process of breed- 
ing, or evolution, a species of nitrogen-gathering bacteria could be developed which 
could live on a non-leguminous plant, as corn, for example, it would be of incal- 
culable practical value. As yet the efforts of bacteriologists, working on this prob- 
lem, have given only negative results, so far as known to the writer. 
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Puate 1. Rep Ciover: Errect or Bacteria. No NItTRoGEN IN THE 
Sort oF ErrHer Port. 


clover roots, adding this soil to about one quart of pure water, shaking 
for a few minutes, allowing the soil to settle, then taking a small quan- 
tity of almost clear solution, and adding it to the pot which we wished 
to inoculate with the red clover bacteria. Aside from the addition of 
these microscopic bacteria to the right-hand pot, these two pots were 
treated exactly alike throughout the experiment. It will be plainly 
seen that where the bacteria were added the clover was furnished with 
sufficient nitrogen to make a strong and luxuriant growth, while without 
the bacteria the clover (in the left-hand pot) only germinated and made 
what little growth it could with the small amount of nitrogen contained 
in the seed. This result is the difference between success and failure 
of the clover crop. 

In general the clover bacteria are well distributed over the northern 
and central part of Illinois, but we now have some very strong evidence 
that they are not well distributed in some soils of large area in southern 
Illinois. There is also some evidence that they were not originally 
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present even in the soils where they are now found in great abundance; 
and, furthermore, it seems very probable that these bacteria may cease 
to live in a soil where they have once been present, provided clover is 
not grown on the land for several years. 

It will help us to understand this matter if we bear in mind that the 
home of these bacteria is the tubercle upon the clover root. It is quite 
evident that they will continue to live upon the decaying tubercles or 
roots for three or four years after the clover plant has been killed. On 
the other hand, we have some notable evidence that the bacteria do 
not continue to live in a soil after five or six years’ continuous cropping 
with absolutely no clover growing on the land during those years. It 
is a simple matter for any one to determine whether the bacteria are 
present or not, for the tubercles which are formed if the bacteria are 
present are plainly seen attached to small roots. They look somewhat 
like miniature potatoes, varying in size from pinheads on clover to peas 
on soy beans or cowpeas. (See Plates 2 and 4.) It is important to 
_ remember that the bacteria live in the soil and not in the seed. + 

When clover is cut for seed, it is frequently left to lie upon the ground 
until the straw becomes half rotten and very dirty; and, consequently 
when it is threshed, it practically always happens that there is at least 
some small amount of dust and dirt taken with the seed. This dirt is 
almost sure to carry with it some bacteria from the soil. If these few 
bacteria are scattered with the clover seed when it is sowed they will 
inoculate at least a few plants, and if they are allowed to multiply on 
these plants, and especially if the same field is repeatedly seeded with 
clover, the soil will ultimately become thoroughly infected with the 
clover bacteria. Of course they may be carried from one part of the 
farm to another, or even from one farm to another, by various agencies, 
as dust or wind storms, surface drainage or flood waters, manure made 
from clover hay, implements used in cultivating the soil, etc., etc. 

Many of the older farmers of Illinois have stated to the writer that 
when this country was very new it was commonly found difficult to get 
a “catch” of clover on new land. After a good ‘“‘catch’’ was once gotten, 
then it was easier to get clover to grow on that land the next time. ‘There 
was a saying among the farmers that clover would not do well until they 
got the “‘wild nature’ out of the land. Their final success was undoubt- 
edly due, not to getting anything out of the land, but rather to getting the 
bacteria into the land. Several Illinois farmers have reported some 
quite remarkable results from very light applications of the clover chaff 
or straw (obtained in hulling clover) in its. beneficial effect on clover on 
land where it was otherwise difficult to get a ‘‘catch.” There is a some- 
what general belief among farmers of long experience that clover straw 
or chaff has some special value in getting a catch of clover aside from its 
value as manure or for the seed which it sometimes contains. 
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Manager I. A. Warner of the Sibley Estate, Ford County, recently 
stated to the writer that they had had very great difficulty to get clover 
to grow when they first began growing clover on that large estate, some 
six or eight years ago, although, after a good crop was once secured, they 
rarely had any further difficulty in getting a catch of clover on the same 
land. 

On the common gray prairie soil of the Lower Ilinoisan Glaciation, in 
southern Illinois, the commonest type of soil in more than twenty coun- 
ties, practically no red clover is grown. In the spring of 1903 we seeded 
red clover on that type of soil in three places; namely, on the University 
of Illinois soil experiment fields near Edgewood, Effingham County, near 
Du Bois, Washington County, and near Cutler, Perry County. On certain 
plots the soil acidity had been corrected with lime and an abundant sup- 
ply of phosphorus (in bone meal) had been provided, potassium also 
having been added on some plots. ‘These fields were carefully examined 
the latter part of June, and at Cutler and Du Bois the clover was found 


to be dead or dying, and no tubercles could be found upon the clover | 


roots, although on the clover which had been seeded at about the same 
time on the University fields at Urbana the root tubercles were found 
in great abundance. At Edgewood a few tubercles were found and the 
clover appeared to be growing fairly well. Infected red clover soil was 
at once procured and scattered. over the fields at Edgewood, Du Bois, and 
Cutler, but it was evidently too late to be of any marked benefit. At 
Cutler and at Du Bois the clover was a complete failure. (It will be tried 
again next year.) At Edgewood it continued to grow fairly well, and 


its progress next season (1904) will be watched with much interest. It _ 


should be stated that the Experiment Station has been growing clover 
for several years with varying degrees of failure on land adjoining the 
present clover field at Edgewood, and it is possible that this year’s 
apparent success from the start is due in part at least to the bacteria 
which haye been incidentally introduced and multiplied year after year 
and scattered over the adjoining land by wind and dust storms. Before 
the close of the season the tubercles developed in abundance on the roots 
of the clover at Edgewood. 

An experience reported by Professor Herbert W. Mumford, of the 
Animal Husbandry Department of this university, will be of interest 
and value in this connection. Professor Mumford commonly grows 
clover in his rotations on his own private farm, but he states that at one 
time one particular field was cropped continuously with timothy, oats, 
and corn for some six years or more without any clover whatever. It 
was then again seeded to clover, but the crop made a complete failure, 
although on other land where clover had been grown more recently a suc- 
cessful clover crop was grown from the same kind of seed seeded at about 
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the same time. The following year this particular field was again seeded 
to clover. This time the ‘‘catch” was not a total failure, but it was too 
poor to save, and it was plowed up and the land again seeded to clover 
the next year, and an excellent catch of clover resulted. After this, 
clover was frequently grown on this field, and no special difficulty was 
had in getting good crops. 

While the failure of clover may often be due to drouth, and in some 
places due to soil acidity (lack of lime), and sometimes even due to an 
insufficient supply of available phosphorus or of potassium, we now 
know with certainty that it sometimes fails because of the absence of 
the nitrogen-gathering bacteria, especially on land which has never grown 
clover, and probably also on land which has not grown it recently. We 
should always remember that the bacteria do not thrive in strongly acid 
soils. Even though they may sometimes live in such soils and perhaps 
produce some tubercles upon the roots of certain hardy, strong growing 
legumes, like cowpeas, nevertheless we are obtaining some strong evi- 
dence that in such acid soils they have but little power to gather nitro- 
gen from the air. That ground limestone is the most economical and 
satisfactory material to use in correcting the acidity of soils is strongly 
indicated by the information we have thus far obtained. On the 
upland prairie soils of the Lower Illinoisan Glaciation where red clover 
has never been grown successfully, largely because of the acidity of the 
soil, it will undoubtedly be helpful and profitable not only to correct the 
acidity of the soil with ground limestone, but also to secure infected 
soil from some field of timber land or bottom land where red clover is 
erowing, well provided with root tubercles, and inoculate the field 
with it. This soil should be collected to a depth of three or four inches 
and scattered over the prairie land at the rate of a few hundred pounds 
per acre at the time the clover is seeded or before. 


Tur CowPEA BACTERIA. 


Plate 2 is made from a photograph of a cowpea root with the tubercles 
upon it. This illustration shows the cowpea tubercles at nearly natural 
size, which is about as large as the seed of ordinary garden peas. 

The cowpea bacteria are already quite widely distributed in southern 
Illinois, especially where this crop has been grown for several years, but 
they are not common in the soils of other parts of the state. It is doubt- 
ful, however, if it is necessary or even worth while to take the trouble to 
inoculate soil for cowpeas. Some few tubercles almost invariably 
develop on cowpea roots the first year they are seeded, even where they 
have never been grown before, and if seeded the second year on the same 
land the plants are usually abundantly provided with root tubercles. 
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PLATE 2. Cowprea Root TuBERCLES, NATURAL SIZE. 
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Just why the cowpea bacteria develop so rapidly even without special 
inoculation is not definitely known. It may be that the same bacteria 
also live on some other leguminous plant which is more or less widely 
distributed over the state, but it seems more likely that the bacteria 
are brought with the seed. As a matter of fact, the cowpea harvest is 
usually dirty. This is an annual plant, and consequently the crop is 
grown on recently plowed land and is sometimes cultivated during the 
season. Cowpeas are commonly harvested with a mowing machine and 
then raked up on the loose ground. When they are threshed more or 
less dirt remains with the seed. Furthermore, the seed coats are not 
infrequently cracked, thus providing an excellent place for the lodg- 
ment of particles of soil. 

Whether it would be profitable to inoculate the land for cowpeas 
would depend very largely upon the difficulty or cost of obtaining 
the infected material. If soil thoroughly infected with the cowpea 
bacteria can be scattered over the land at the rate of about 2,000 pounds 
to the acre at a cost of $1.00 or less per ton, it might prove profitable. 
It is doubtful if a light application of 100 or 200 pounds would produce 
any very marked effect in the yield the first season. After the soil 
becomes well infected the cowpeas then obtain much nitrogen from the air, 
and the yield of cowpeas is likely to be largely increased. Of course 
there is no fixation of atmospheric nitrogen if there are no tubercles on 
the roots. 

In 1902 several plots of cowpeas were seeded on the soil experiment 
field at the university. One of these plots (404) had become thoroughly 
infected with the cowpea bacteria because of its being so situated that 
more or less surface drainage water flowed over it from an adjacent field 
upon which cowpeas had been grown for three successive years. Another 
plot (408), owing to a slightly different situation, had not become infected. 
The two plots were seeded in July after a crop of oats had been removed 
from the land. Within three weeks after seeding, numerous root tubercles 
could be found on the plants on the infected plot. Later on, ten average 
consecutive plants were taken up as completely as possible, and 412 
tubercles were found on the roots, making an average of more than 40 
tubercles to the plant. On Plot 408 only an occasional plant was found 
infected, and such plants would usually have only a single large tubercle 
on their roots. Ten average plants not infected were collected from 
Plot 408 for comparison with the ten infected plants from Plot 404. 


“oe 
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PuaTE 3. CowprEas: EFFECT OF BACTERIA IN ORDINARY ILLINOIS BLACK 
PRAIRIE SOIL. 


Plate 3 shows these two bunches of plants, the infected plants with 
root tubercles on the right, and the plants without tubercles on the left. 
Four more sets of ten plants each were then collected, two sets from 
Plot 404 and two from Plot 408. Each set of infected plants was sepa- 
rated into three parts, (1) tops, (2) roots, (8) tubercles; and each set of 
plants not infected was separated into (1) tops, and (2) roots. All of 
these samples were dried and analyzed for nitrogen. The results obtained 
are shown in Table I. 

The results clearly show the very great value of the nitrogen- 
gathering bacteria in growing cowpeas. In each of the separate trials 
A, B, and C, the infected plants contained about twice as much total 
dry matter as the plants not infected. The infected plants also contained 
a much higher percent of nitrogen than the plants not infected, the 
infected plants containing 4.09 to 4.33 percent in the tops and 1.45 to 
1.53 percent in the roots, while those not infected contained only 2.32 
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TaBLE J.—FIXxATION OF NITROGEN BY COWPEAS. 


CowrPrEa PLANTs. Dry Nitrogen, | Nitrogen, | Nitrogen fixed 
matter, | content, | amount, by bacteria, 
No. Pairine egs. percent. cgs. egs. 
Al -leniplants,|- Tops. 5. 2....%. 3580 4.09 146 
With bacteria Roots ... os 2: 620 1.45 9 
present........% Tubercles ...... 190 5.97 11 
Potala ake 4390 166 125 
A2—Ten plants, |-Tops .......... 1560 2.42 38 
without bacteria} Roots ........ 300 .88 o 
fee OUBlis ae ns 1860 ee ea L 
Bil--Ten plants, | Tops jo.c... 5. . 3970 4.31 171 
with bacteria| Roots ......... 690 1.47 10 
present -d6. 2.3. Tubercles ...... 300 6.05 18 
15 Be ee eee 4960 199 140 
B2—Ten*plants, | Tops ...s.0.... 2060 2.69 50 | 
without bacteria | Roots ......... 430 83 | 4 | 
POLal eee. se, | 2490 59 
Cr=fen plants, Tops:-.....2.+.- 3300 | 4.33 143 
with bacteria| Roots ......... 520 1.53 8 
present......... Tubercles ...... 290 5.76 17 
Potala oO 4110 168 124 
C2>Lensplants, |“lopss.45 0... 1730 2.32 40 | 
without bacteria | Roots ......... 400 .88 4 | 
SbOtAlisey. ee ness 2130 44 | 


to 2.69 percent in the tops and .88 percent in the roots. Besides this, 
the tubercles on the infected plants contain 5.76 to 6.05 percent of nitro- 
gen. In these young and rapidly growing plants the tubercles are much 
richer in nitrogen than any other part of the plant. It should be stated 
that as the plants approach maturity the nitrogen is largely absorbed 
from the tubercles and stored in the tops and roots. At the time these 
plants were taken up the tubercles actually contained more nitrogen than 
the roots. The infected plants contained nearly four times as much 
nitrogen as the plants not infected, and about three-fourths of the total 
nitrogen in the infected plants was obtained from the air. The roots and 
tubercles of the infected plants contained six to seven times as much 
nitrogen as the roots of the plants not infected. 


Tue Soy Bran Bacteria. 


Soy bean bacteria are evidently much less likely to be carried with 
the seed than are the cowpea bacteria. The soy bean plant grows more 
erectly than the cowpea (see Circular No. 69, ‘“The Cowpea and Soy Bean 
in Illinois’), and the crop is quite commonly harvested with a self- 
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binder which keeps it quite free from dirt. The soy bean seed is nearly 
round and smooth, and the seed coat is not commonly cracked. These 
facts may explain why the soy bean seed carry so few bacteria as com- 
pared with cowpeas. 

On one of the soil experiment fields on the university farm at Urbana, 
where soy beans have been grown for three years, no tubercles could be 
found on the plants either the first or second year, and only an occasional 
plant with tubercles could be found the third year. In 1902 a series 
of plots, some of which had been treated in different ways with applica- 
tions of limestone, phosphorus, and potassium, were seeded with soy 
beans. No tubercles could be found at any time during the season on 
the soy beans growing on any of the different plots. In 1903 the same 
plots were again seeded to soy beans, and at the same time part of each 
plot was inoculated with infected soy bean soil drilled in with the seed 
at the rate of about 500 pounds of infected soil to the acre. When the 
plants were only a few weeks old tubercles were to be found upon many 
plants growing where the infected soil had been applied, and before the 
close of the season at least half of these plants in the inoculated part of 
the field had one or more tubercles upon their roots, and some plants 
could be found whose roots were abundantly provided with tubercles. 
(See Plate 4.) | | 

On the uninoculated part of the field soy bean plants were examined 
probably fifty times during the season, several plants being taken up 
each time, but not a single tubercle was found at any time, notwithstand- 
ing that this was the second crop of soy beans upon this soil. Of course 
the inoculated part of the field did not become sufficiently infected to 
markedly benefit the 1903 crop, but it is planned to grow soy beans upon 
this field again in 1904 when the bacteria will doubtless have multiplied 
sufficiently to produce marked results in the growth of the crop: 

From these and from other somewhat similar experiments it is con- 
cluded that as a rule soy beans should be inoculated when they are first — 
seeded, and that they should then be grown a second year upon the same 
land. If soy beans are afterward grown upon this land once in every 
three or four years, the soil will doubtless remain well infected with the 
soy bean bacteria. | 

It is believed that 100 pounds of infected soy bean soil per acre will 
be sufficient to produce a thorough infection the second year, and it is 
improbable that one ton of infected soil per acre would produce a thor- 
ough inoculation the first season. One ton is only twenty times 100 
pounds, while one tubercle which will be produced during a single season 
from a single bacterium may contain many million bacteria, thus it will 
be seen that it will be more economical to inoculate rather lightly and 
allow the bacteria to multiply themselves rather than to inoculate 
heavily at great expense. 
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It may be stated that the infected soy bean soil used in these experi- 
ments was obtained from Mr. A. A. Hinkley of Du Bois, [linois, who 
has been growing soy beans on the same land for many years until it has 
become well infected. Mr. Hinkley has consented to furnish infected 
soy bean soil so far as he is able to do without serious interference with 
his regular work, to any one who may desire it, at a price which will 
cover his expense and loss. This will probably amount to about $1.00 
for the first 100 pounds and fifty cents for each additional 100 pounds, 
in the shipment, including the cost of bags, the purchaser to pay freight 
from Bois station, which is located in Wes County, Illinois, on 
the Illinois Central Railroad. 


Tuer ALFALFA AND SWEET CLOVER BACTERIA. 


That soil inoculation with alfalfa bacteria is commonly of very great 
value in growing alfalfa has been shown very conclusively by the investi- 
gations reported in Bulletin No. 76,* ‘Alfalfa on Illinois Soil.”” In some 
places, however, inoculation was found to be unnecessary. A careful 
and extensive investigation of alfalfa growing in different parts of Illinois 
revealed the fact, as stated in Bulletin 76, “that the alfalfa bacteria are 
certainly present in some places in the state while in most other places 
they are certainly not present in sufficient number to become of appre- 
ciable assistance to the alfalfa within three or four years, and the question 
naturally arises how it happens that some fields are already infected 
while others are not.” It was suggested in that bulletin that the alfalfa 
bacteria may “live on some other plants besides alfalfa and that one of 
these plants is native or has been introduced in certain sections” of the 
state. It was also suggested ‘‘that a few bacteria are always carried with 
alfalfa seed, and that if the alfalfa is grown continuously or repeatedly 
in any place the soil will finally become thoroughly infected, and the 
bacteria will then be carried by flood waters, dust storms, etc., over 
adjoining fields, and possibly for long distances, especially along river 
valleys.” ‘This latter suggestion was known to be a fact at the time it 
was written; and subsequent investigations have furnished conclusive 
proof that the alfalfa bacteria do live upon another plant; namely, the 
ordinary sweet clover (melilotus alba). This is a rank-growing leguminous 
plant, frequently reaching a height of four to six feet. When young it 
markedly resembles alfalfa, but it can easily be distinguished by its char- 
acteristic odor when cut or bruised, as by rubbing between the hands. 


* In this connection attention is called to the fact that the so-called ‘spot dis- 
ease”’ of alfalfa, which is not uncommon in the western states, especially during wet 
seasons, became somewhat: prevalent in Illinois in 1903. When the effect of this 
disease becomes marked, the leaves turn yellow and growth is retarded. If this 
occurs the alfalfa should be clipped. This is the only effective remedy known to be 
practicable. Seeding alfalfa with a light nurse crop is gaining favor in Illinois. 
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As the sweet clover approaches maturity it differs very much from 
alfalfa. The sweet clover grows very tall, and usually branches from 
a main stem. It has white flowers (there is also a less common yellow 
variety), and the seeds are borne in small round pods (usually containing 
only one or two seeds each), arranged on long slender spikes, each spike 
bearing many pods. The alfalfa commonly grows about two and a half 
feet high, with many stems growing from the crown of the root, especially 
after it is two or three years old. It bears purple flowers and peculiar 
spiral-shaped seed pods. Sweet clover is a biennial plant, dying after 
reaching maturity, which commonly occurs the second year of its growth. 
Like many other biennial plants, it probably often lives more than two 
years if not allowed to produce seed. Alfalfa is a perennial plant, and 
it is said that there are alfalfa fields which have been cut annually for 
more than fifty years without reseeding. The similarity of alfalfa and 
sweet clover when young, and also the similarity of the tubercles formed 
on the roots of each have long been noticed, and the possibility of the 
same bacteria living upon both plants has already been suggested in the 
agricultural press. 

During the season of 1903 the writer spent some time in the northern 
part of Illinois in connection with the general and detail surveys of 
Illinois soil. Many new fields of alfalfa were observed, and they were 
carefully examined for root tubercles. In Winnebago County, where 
sweet clover is very prevalent along roadsides and in waste places, it 
was noted that the abundance of root tubercles on the alfalfa plants 
seemed to be closely related to the presence of sweet clover in the vicinity, 
strongly indicating that the bacteria which live upon sweet clover were 
also at home upon the alfalfa roots. These indications were strengthened 
by further investigations in Lake County, especially upon the Fowler 
farm, near Lake Villa, where a field of alfalfa seeded last spring without 
artificial inoculation was found to be thoroughly infected with the bac- 
teria, and growing vigorously with a good dark green color. ‘This field 
had a few sweet clover plants growing in it, and the borders of the field 
were covered with sweet clover. Other fields of alfalfa seeded in the 
neighborhood at the same time, but upon soils where sweet clover had 
not grown near by, were apparently complete failures, many of the plants 
having died and most of those still living being only a few inches high, 
very weak, and yellow or pale green in color.* 

In order to obtain more absolute knowledge regarding this important 
subject, a series of pot culture experiments has been carried on under 
controlled conditions in the pot culture laboratory at the university. 
Five pots were filled with sterilized sand which was practically devoid 


*Some of these observations have already been reported in the agricultural press. 
(See, for example, the Breeders’ Gazette, September 9, 1903, page 391, and Sep- 
tember 16, 1903, page 442.) 
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of plant food. A supply of phosphorus, potassium, and all other mineral 
elements necessary for the growth of plants was added to each of the five 
pots, care being taken to keep the sand practically free of combined 
nitrogen. Alfalfa seed were then planted in each of the five pots, and 
at the same time four of the five pots were inoculated as follows: 

Pot No. 1.—Not inoculated (check pot). 

Pot No. 2.—Inoculated with bacteria obtained from infected alfalfa 
soil. 

Pot No. 3.—Inoculated with bacteria obtained from alfalfa root 
tubercles. 

Pot No. 4.—Inoculated with bacteria obtained from infected sweet 
clover soil. 

Pot No. 5.—Inoculated with bacteria obtained from sweet clover root 
tubercles. 

Plate 5 clearly shows the results obtained and certainly furnishes 
conclusive proof that the same effect is produced upon the growth of the 
alfalfa whether the nitrogen-gathering bacteria used for the inoculation 
are obtained from alfalfa soil, from alfalfa tubercles, from sweet clover 
soil, or from sweet clover tubercles. It also illustrates the importance 
of bacteria in growing alfalfa as will be seen by comparing the four 
inoculated pots with the uninoculated pot, which is No. 1, on the left in 
each series of views. The upper view was taken when the alfalfa plants 
were five weeks old; the next series when they were six weeks old; the 
next, seven weeks old; and the lower series when they were eight weeks 
old, from the time of eee 

A duplicate series of pots prepared in ee the same manner gave 
similar results. 

The infected alfalfa soil was obtained from a field of three-year-old 
alfalfa which was inoculated when first seeded, with infected alfalfa soil 
obtained from an old alfalfa field in Kansas. About one pound of this 
soil was shaken in a quart of water, the soil allowed to settle, and some 
of the nearly clear solution used for the inoculation of Pot No.2. The 
~ alfalfa tubercles from which bacteria were obtained were carefully washed 
in distilled water to free them from adhering soil particles, and then © 
rubbed up in distilled water, a small amount of this water being then 
used for the inoculation of Pot No. 3. The infected sweet clover soil was 
obtained from a place by the roadside where sweet clover was growing 
luxuriantly and well provided with root tubercles. This place was about 
two miles from the nearest field ever seeded to alfalfa, so far as known. 
A water extract from this soil was used to inoculate Pot No. 4. The 
bacteria from sweet clover tubercles were obtained in the same manner 
as those from alfalfa tubercles, and were used to inoculate Pot No. 5. 

From these investigations we thus have conclusive evidence that in- 
fected sweet clover soil can be used for the inoculation of alfalfa fields, 
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Puate 5. ALFALFA: Errect oF BACTERIA FROM ALFALFA AND FROM SWEET CLOVER. 


Pot 1.—No bacteria. 

Pots 2 and 3.—Bacteria from alfalfa. 

Pots 4 and 5.—Bacteria from sweet clover. 

The four series of photographs were taken five, six, seven, and eight weeks from time of 
planting, respectively. 


the bacteria of the two plants acting thesame. ‘The infected soil may be 
obtained from any place where the sweet clover is found growing with 
abundance of tubercles on its roots. The soil may be collected to a 
depth of three or four inches and scattered over the alfalfa field at the 
rate of 100 pounds or more to the acre. It is well to scatter the infected 
soil at about the time the alfalfa is seeded, and harrow it in with the 
alfalfa seed, although it may be applied some days or even some weeks 
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before seeding time, and probably it would be all right to apply the 
infected soil the fall before, for it is known that the bacteria will live in 
soil for several months, even though the soil be placed in sacks and 
allowed to become quite dry. 

Investigations have shown that 100 pounds of thoroughly infected 
soil to the acre is sufficient to produce a very satisfactory inoculation 
within cne year from the time it is applied. Of course, somewhat heavier 
applications may well be made if it can be done at small expense. The 
infected soil need not be applied with any high degree of uniformity, but 
special care should be taken that the higher places and watersheds are 
not missed in scattering it over the field. If a few square yards, or even 
square rods, should be missed on the slopes or lower land, it would make 
but little difference, as the bacteria will be washed over such places from 
the higher land. 

After the soil becomes somewhat dry it is easily scattered by hand 
from the wagon or from a sack which one can carry. Sometimes it is 
applied by means of an end gate seeder or a fertilizer drill, or it could 
be spread by a manure spreader with an application of manure. 

The question naturally arises whether there is not danger of getting 
some sweet clover seed with the infected sweet clover soil, and thus of 
getting sweet clover mixed with the alfalfa in the field. 

In the writer’s opinion there is little or nothing to fear in this matter. 
In the first place, the amount of sweet clover seed thus obtained would 
be very small, probably none at all, if one were careful to scrape off the 
vegetable matter, and perhaps a half inch of earth before collecting the 
infected soil (most of the bacteria are probably between one-half inch 
and six inches in depth, as most of the tubercles develop and decay 
between these depths); second, it is doubtful if a small amount of sweet 
clover hay would lessen the value of alfalfa hay in the least, for stock 
frequently eat small amounts of sweet clover of their own choice even 
when it is nearly mature, and if it is cut while still quite immature and 
tender it makes quite satisfactory hay, so much so that in some sections 
of the United States, particularly in the South, sweet clover is regularly 
seeded on fields and cut for hay, and it is found to be a valuable and 
very nutritious feed, the live stock eating it in large quantities, and with 
apparent relish, after they have acquired a taste for it; third, sweet clover 
is not known as a bad weed in the fields or meadows, even where it has 
been a common roadside plant for many years, and, being naturally a 
biennial plant, if it were cut down every five or six weeks, as we commonly 
cut alfalfa during the season, it would almost certainly die out after a 
few years while alfalfa, a perennial plant, would continue to live. 

Only one instance has come to the writer’s attention where alfalfa 
has been growing for several years with sweet clover growing in the 
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field or fence rows beside it. This is on the farm of Mr. D. S. Mayhew, 
of Mercer County, Illinois, who writes as follows regarding the matter: 

“Will say that the sweet clover has made no headway in my meadow, as it 
did not go to seed, on account of my cutting it so often. The sweet clover got 
into the alfalfa in the seed when I sowed it. I do not think it will do any harm 
in a meadow, but I believe it would do harm in a pasture if it wasn’t cut down‘ 
as stock will not eat the sweet clover.” 

Of course if sweet clover should get into the field and persist in grow- 
ing, and if it were found to injure the alfalfa appreciably or markedly, 
we can always resort to plowing the ground up and growing corn or other 
crops, thus obtaining some benefit from the leguminous crop for its fer- 
tilizing value, and at the same time completely eradicating the sweet 
clover, but leaving the soil well infected with alfalfa bacteria ready to 
serve in case alfalfa should be again seeded within a few years. 


CONCLUSIONS. 

In general agriculture in Illinois, whether it be grain farming or 
ordinary livestock farming, the growing of legumes is absolutely essen- 
tial as a part of any economic system which shall maintain the fertility 
of the soil; and for the successful growing of legumes the presence and 
assistance of the proper species of nitrogen-gathering bacteria are also 
absolutely essential. ‘These facts being granted, it certainly follows that 
when sowing any legume on land, where the same legume has never been 
grown before, or perhaps where it has not been successfully grown within 
recent years, we should always consider the matter of inoculation; and, 
unless there is good reason to believe that the soil has been inoculated 
by the washing from other higher lying land where these bacteria are 
known to be present or by applications of manure made from that 
legume, or by some other such incidental means; or unless there is evi- 
dence that the bacteria are carried with the seed in sufficient quantity 
to effect a satisfactory inoculation (as appears to be the case with the 
cowpea), then we should inoculate the soil directly with the. specific 
bacteria required by the legume which we desire to grow. 

While some Illinois soils are becoming deficient in phosphorus and 
in lime, especially in the southern part of the state, and while phos- 
phorus* and ground limestone can be applied to such soils with marked 
- benefit and profit, especially for the growing of legumes, there is abun- 
dant evidence that one of the dominant causes for the failure or unsatis- 
factory growth of some of our most valuable legumes, and on some soils 
the sole cause of failure, is the absence of the proper nitrogen-gathering 
bacteria. 

There is no reason to believe that any of the different species of 
nitrogen-gathering bacteria will live in the soil for more than a few 

* Steamed bone meal is the most economical and satisfactory form of phosphorus 


for use on Illinois soils, unless ground rock phosphate (not acid phosphate) shall 
prove to be still more economical. Experiments to determine this are in progress. 
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years* in the entire absence of any legume upon which they naturally 
live, and the accumulating evidence strongly indicates that the bacteria 
which are present in places in our soils, such as the red clover bacteria, 
now found abundantly in many places in the state, especially in northern 
and central Illinois, the cowpea bacteria more common in southern 
Illinois, and the alfalfa or sweet clover bacteria, which are becoming 
prevalent in some sections—that all these have been, and are being, 
gradually introduced and extended almost entirely by mere chance. 
Of course if the wagon-wheel, which carries the mud along the road, 
carries with it sweet clover seed from one place to another, it may also 
carry the sweet clover bacteria which live on the sweet clover roots. 

It now seems absurd to suppose that there were red clover bacteria 
in Illinois soil before red clover itself was grown on Illinois soil, unless 
the same bacteria live also upon some other legume which was native to 
our soils. There is some evidence that the vetch bacteria are native to 
our soil, possibly living upon the native wild vetches. At any rate, 
tubercles commonly develop on vetch roots without artificial inoculation. 
Investigations are in progress to ascertain whether the notorious failure 
_of crimson clover in Illinois may not be due in part, at least, to the ab- 
sence of the proper bacteria. (It has been stated by some writers that 
the bacteria of crimson clover and those of red clover are identical, but 
we already have some reason to doubt the accuracy of this statement.) 

* Just how long the bacteria will live in a soil without a leguminous crop upon 
which they can feed is not definitely known. Certainly they live for two or three 
years, but probably not more than five or six years. Further investigation is needed 


to establish the length of time the different kinds of bacteria may remain in the 
soil under different conditions. 
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THE LESTING (OF CORN FOR SEED. 


By ALBERT N. HUME, First Assistant In Crop PRODUCTION. 


We believe it would be possible for every ear of corn planted in IIli- 
nois to be tested for vitality. If an ear does not come to the desired 
standard, we may discard it, and plant only seed which will grow, and 
materially increase the stand of our corn crop the coming year. It may 
seem like a heavy task to germinate three or four kernels of corn from 
every ear in a bushel, and yet two or three evenings each week, for a few 
weeks, on the part of only one person, would test enough ears to plant 
his own crop at least. The kernels could be placed between folds of 
blotting-paper laid in a moist box, or moistened between two common 
dinner plates. It is not very difficult to keep track of the ear from 
which is taken each set of kernels. One kernel should be taken from the 
butt of the ear, at least one from the middle, and one from the tip. If 
all the kernels grow, the ear may reasonably be supposed to be good, 
otherwise it should be discarded. 

Some such method as this has been employed (we are informed), by 
John R. Clisby, secretary of the Illinois Seed Corn Breeders’ Association, 
for testing large quantities of seed corn. Doctor C. G. Hopkins of our 
University, suggested the idea to the writer. He employed it in testing 
every ear of seed corn which he planted on fifty acres of his own farm in 
southern Illinois. If these men can afford to test every ear of corn they 
use for seed, the same may be at least worth suggesting to farmers in 
general who are anxious to know what kind of corn they are going to 
plant. 

When corn planting time arrives, the most serious question for corn 
growers is that of securing seed for their fields which will be certain to 
grow. Sometimes it is not only a difficult matter to buy corn for seed, but 
that which is purchased, even from the most trustworthy growers, is likely 
to be more or less deficient in vitality, especially under such conditions 
as prevailed last season. After the best seed growers have sold all their 
stock, they continue to receive orders which cannot be supplied. That 
a good deal of doubtful seed was planted last spring is shown by the fol- 
lowing extracts from the Bloomington Weekly Pantagraph, of June 3, 
1904: 

“So far as this report shows, the proportion of replanted seed corn 
is not large, but it is large enough to attract attention and to emphasize 
the fact that early ‘warnings about poor seed corn had foundation in 
fact.—Mr. Thomas Kuntz, living on the Thomas Janes farm near Stan- 

401 
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ford, has to replant 200 acres of corn. It is reported that several others 
living in his neighborhood have so poor a stand that they have to— 
replant.” 

‘““A 20-acre piece of corn on the Charles Bishop farm, 10 miles south- 
east of Bloomington, was being replanted, where needed, with a hoe.” 

“Mr. Albert Lantz, of Downs, has been replanting. Mrs. Esther 
Teter, of the same neighborhood, has been replanting corn.” 

“Mr. Oakley Stillman, of Waynesville, planted both 1903 and older 
corn, and the older corn came up a great deal better than last year’s 
seed.” 

“Mr. Mark Gardner, of Towanda township, and Mr. James Gent, 
just across the line in Normal township, have been replanting corn. 
Mr. George Purcell, of the same neighborhood, thought he had about 
a half stand of corn, and was undecided whether he would replant.” 

“The Deer Creek correspondent writes: ‘The seed corn seems to be 
of poor quality, as a great many farmers are planting again.”’ 

The low vitality of seed corn the past season was no doubt caused 
very largely by freezing weather while the corn was either still in the 
field or not sufficiently cured to withstand the low temperature. It is 
to be hoped that the fall of 1903 was an exceptional one in this respect, 
and that our recent experience may not be repeated. There is no way 
to guard against such falling temperatures, however. Moreover, if a 
season comes when our seed corn is frozen before it is put into storage, 
there is no way to correct the disastrous effects even with the most 
modern means of storage, unless we have some method of sorting out 
the ears which are unfit for seed. Therefore we say that the matter of 
selecting and testing seed is at present of foremost importance to every 
corn grower. 

In suggesting the plan of testing each ear of seed corn, we do not 
mean to insist that every ear must be tested every season and in every 
place. We do insist, however, that this would be within easy range of 
possibility, as the following pages will show.’ Before time for planting, 
corn growers should test a sufficient amount of their stock of seed, ear 
by ear, so that they will know what they have on hand. It may or may 
not be necessary thus to test the entire stock, but that it would have 
been an extremely profitable procedure the past season for most farmers, 
can scarcely be doubted. 

It is not sufficient to accept the warrant of the dealer from whom the 
seed is purchased, however trustworthy he may be. It is not possible 
for those who handle seed on the largest scale to give the closest atten- 
tion to its quality. The following devices for testing are suggested as 
being obtainable for the general farmer. 


1904. ] Tue TESTING OF CoRN FOR SEED. 403 


MeruHops OF TESTING. 


There are several methods of testing corn, all of which depend upon 
the same principle, namely, that of supplying sufficient moisture and 
warmth to the kernels to cause them to sprout. The traditional ways 
of determining the quality of seeds, such as floating them in water, or 
heating them until they pop, or breaking them and noting the fracture, 
or cutting them and noting the appearance of the inside, cannot be 
called tests, although it must be granted that by practice some corn 
growers have become fairly expert in telling whether or not a given 
sample of corn will grow. Such methods are not only less accurate, but 
if carefully performed require as much or more time than need be taken 
to make a germination test. 

One of the best and simplest ways of sprouting seed is to take a com- 
mon dinner plate and fill it nearly full of sand. The sand should be as 
clean and white as possible. Such sand will be less likely to mould than 
that which has much organic matter in it. This makes it much more 
desirable for use in testing, for moulds interfere with the germination of 
the corn. After the sand is placed on the plate, it should be moistened. 
This can best be done with a small sprinkler, but if one is not at hand, 
the water may be poured carefully out of any small vessel or sprinkled 
with the hand. After sprinkling the water on the sand, it is well to mix 
the sand with the fingers until it is all equally moist. Do not saturate 
_ the sand with water. Special caution is necessary in this respect, for if 
the sand is too wet, the corn will fail to germinate for lack of air. Nu- 
merous failures have been reported in testing corn on plates of sand, the 
most of which probably resulted from having the sand too wet. 

Having the sand properly placed and moistened, the kernels to be 
tested should be pressed into the sand, small end down, in order as they 
are taken from the ear. While taking the kernels from the ear, hold it in 
the left hand and remove with a pocket-knife or a pair of small, strong 
tweezers, a kernel two inches from the butt of the ear. A little practice 
will make it easy to remove a kernel with the knife and hold it between 
the thumb and the knife blade until it is put in place in the sand. Then 
turn the ear one-fourth around and take another kernel in the same 
manner, say two inches nearer the tip; then turn the ear the same dis- 
tance again and take another kernel two inches nearer the tip. For the 
fourth kernel, turn the ear again one-fourth around and take the kernel 
about two inches from the tip. Four kernels is a large enough number 
to take from one ear for practical work. If they are properly taken, 
they represent both ends and all sides of the ear, so far as vitality is con- 
cerned. The four kernels from each ear must be placed in a separate 
group, and it is best that the group be marked or numbered to corre- 


404 BuuueTin No. 96. [November, 


spond with the number of the ear from whence the kernels were taken. 
(Plate 1, Fig. 1.) For this plan, it is necessary that the ears be placed in 
regular order, as the kernels are removed from them. A good device for 
arranging the ears in regular order is shown in Plate 2. The frame 
from which the photograph was taken is in use at the Agricultural 
Experiment Station. | 

It does not take a mechanic of very great skill to make the frame. 
It will be noted from Plate 2 that the ends of the ears when they are put 
into place, rest upon small iron rods, and that the ears are kept from roll- 
ing sidewise by two small wires on each side. It would be possible to 
make the divisions for the separate ears out of lumber, but the wires are 
- lighter in weight and cheaper. Moreover, they do not prevent the circu- 
lation of air between the ears of corn, which in some cases is an advan- 
tage, and they do not furnish a harbor for mice and rats. 


THE GERMINATING Room. 


After the kernels of corn are all placed as described above, they 
should be covered by turning a second plate over them to prevent too 
rapid evaporation of the moisture from the sand. (Plate 1, Fig. 2.) 
They may then be left in a warm temperature to sprout. As fast as the 
kernels are well germinated, they should be removed from the sand, and 
a careful record taken of the number which have sprouted. It has been 
proved by experiment that the best temperature for germinating corn is 
77 degrees F. This is only a little higher than the temperature of an 
ordinary living-room. More harm will result from a considerable de- 
crease of temperature than from a slight increase. 

On the average farm it is not necessary to construct a special room 
for germinating. Usually the plates of corn will germinate well if put 
beside a stove, taking care that they do not get too hot. The plates 
must be inspected each day after they are put into the germinating room, 
and if the sand is becoming dry, add a little water. The amount to be put 
on must be determined by practice, for it will vary with the kind of sand 
used and with the humidity of the room. If one is fortunate enough to 
have furnace heat in the cellar, he will probably have a place near the 
furnace where the heat will be about right for germinating corn. Such 
heat was utilized by Dr. C. G. Hopkins, of the University of Illinois, in 
testing the corn for his own farm in southern Illinois, with entirely 
satisfactory results. : 

Plate 4 shows a sort of incubator which served as a vermin 
chamber at the seed house of Mr. John R. Clisby. The heat was fur- 
nished from below by a gasoline stove. A*tank of water was set on the 
gasoline stove and the rising steam distributed the heat and prevented 
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Fig. 1. 
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PuaTe 1. Fic. 1 SHows Groups or KERNELS FROM SINGLE EARS, READY 
TO BE PuT INTO THE GERMINATING Room. 
Fig. 2. THE SAME KERNELS, GERMINATED, READY TO COUNT. 


* 


BuLLETIN No. 96. [November 


PLATE 2. SHOWS THE DEVICE FOR ARRANGING EARS IN REGULAR ORDER AFTER 
HAVING KERNELS REMOVED. 


THE TESTING oF CoRN FOR SEED. 


ae 


Rigaddonppiatasiots 


Piats 3. THe GERMINATING Room NOW IN USE AT THE EXPERIMENT STATION. 
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the too rapid drying of the corn kernels. The arrangement was not 
entirely satisfactory, inasmuch as the steam warped the lumber of which 
the frame was made. An ordinary incubator, such as is used for hatch- 
ing eggs, would doubtless answer the purpose of a germinating chamber.* 


TESTING WITH PLATES AND SAND. 


The method of using the plates of sand for germinating corn is very 
practicable in that any one can use it without purchasing any new 
material. Dinner plates are at hand on any farm, and sand may usually 
be had from the roadway or river bottom. But where there is much 
testing to do the method is inconvenient, and in some cases unprofitable, 
from the fact that it takes too much time. Time is lost in filling the 
plates with sand and in gauging the proper amount of moisture, when it 
must be renewed from time to time. The actual time used in testing 
several lots of corn by this method is shown in Table 2. 


TESTING WITH Box AND CLOTH. 


One of the quickest and most convenient devices for making germi- 
nation tests is that commonly known as the Geneva Tester, so called 
because it was first used by Professor Goff at the Geneva Station in 
New York. (Plate 5.) This apparatus consists of a water-tight box 
across which are extended folds of canton flannel. These folds are sus- 
pended from wires, as shown in Plate 5, and can be removed to dry when 
not in use. The box must be filled to the depth of about an inch with 
water, so that the folds of canton flannel will hang down enough to 
touch the water, and thus be moistened by capillarity. The box should 
be about 12 by 24 inches and 4 or 5 inches deep. It may be made of 
wood, galvanized iron, tin, or copper, and the wires can be cut from - 
ordinary smooth galvanized fence wire. When kernels of corn are to be 
tested in this germinating apparatus, they are removed from the ears 
as described above, placed between the folds, in regular order (Plate 5) 
and the folds closed together. If it is thought best, the groups of ker- 
nels from the separate ears may be numbered with slips of paper, as 
shown in Plate 5. This numbering will not be absolutely necessary if 
proper care is used to have the groups of kernels correspond to the ears 
of corn from whence they came. After the kernels are put in place, the 


*The germinating room in use at the Experiment Station is shown in Plate 3. 
Around the lower part of the wall are coils of steam pipes by which the room may 
be kept as nearly as possible at the desired temperature. Shelves are arranged 
around the three sides of the room, upon which are set the plates of corn for 
germination. 

The improved standard germinating chamber, used by the Department of 
Agriculture, is described in Circular No. 34, and Circular No. 34 (revised) of the 
Office of Experiment Stations, U. S. Department of Agriculture, Washington, D. C- 
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Figs. 
Puate 5. Fig. 1 SHows Groups or KERNELS FROM SINGLE EARS, READY TO 
BE PLACED IN THE GERMINATING Room. 
Fic. 2. SHows THE SAME KERNELS, SPROUTED. 
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Pitate 4. AN INcuBATOR USED FOR GERMINATING Corn. A GASOLINE STOVE 
PROVIDES SOURCE OF HEAT. 


PLATE 6. SHOWING THE WoopEN Box, Buiortine Papers, WIRE GAUZE, AND 
Group OF KERNELS ALREADY SPROUTED. 


1904.] Tur Trestinc or Corn FoR SEED. 411 


folds are drawn together at the top, the lid closed upon the box, and the 
apparatus left until the kernels germinate. When put into this box, the 
kernels will not usually suffer for moisture during the length of time of 
one test. This is one of the advantages of the Geneva Tester over the 
plate of sand where the moisture may need renewing each day, or even 
oftener. The folds are easily opened when it is necessary to inspect the 
kernels to count the number which have germinated. Some care is 
necessary in lifting the tester, that the groups of kernels be not jarred 
from their places. 


TESTING wItH Box AND BLOTTERS. 


Another plan is to use a small box, with layers of moistened blotting- 
paper inside. (Plate 6.) This device consists first of a small box, 
say a foot long, six inches wide, and five inches deep. The bottom of the 
box should be made water-tight; if necessary, the cracks may be stopped 
with white lead or strips of cloth or asbestos. The kernels of corn are 
kept moist by putting water into the box to a depth of one-half inch more 
or less. Something must be laid in the box to hold the first blotter up out 
of the water. Small sticks laid crosswise of the box will answer this 
purpose. 

The blotting papers should be moistened as they are placed in the 
box. When the first blotter is laid in, either small sticks or wire cloth 
are put down on top of it to mark the spaces for the separate groups of 
kernels. ‘These spaces must correspond to the spaces in the frame where 
the ears of corn are placed (Plate 2). After one layer of blotting-paper 
is covered with the kernels, another similar layer may be put down on 
top of the first, and so on until the box is filled, or until the desired amount 
of corn has been put in. 


Like the plate and sand method and the wooden box Geneva Tester, 
this device is easy to use on the ordinary farm because it does not necessi- 
tate the buying of any expensive apparatus or material. The box shown 
in Plate 6 was made to order, but it would be possible to substitute any 
ordinary box which is reasonably close at the joints. If small sticks are 
substituted for the wire gauze, it will only be necessary to purchase the 
pieces of blotting-paper, which can be secured at a merely nominal cost 
of almost any printer or stationer. Of course the wooden box will 
sometimes warp and begin to leak, making it somewhat difficult to keep 
the blotters from becoming too dry. Where it is desired to use a tester 
for any large amount of work, it is usually best to have the box made of 
copper. 
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We have gone into the matter of explaining the devices for testing 
seed corn at some length from the practical standpoint, in the hope that 
the greatest number of corn growers will arrange to test seed by one of 
the methods. The method of doing the work is not of such paramount 
importance as that it be done, and done thoroughly. 


In advocating the testing, when necessary, of every ear of corn in- 
tended for seed, we have been met with the objection that “it takes too 
much time.” We have therefore made some careful computations along 
this line. In Table 1 we have recorded the time in minutes used in 
testing each of nine one-bushel lots of corn. Column 1 gives the number 
of the lot, column 2, the number of the ears in the measured bushel, and 
column 8, the total time used in testing four kernels from each ear, in the 
Geneva Tester, with which we have been able so far to do our quickest 
work in testing. 


TABLE 1. 

Number of lot. Number oh eer as bushel Total time used in testing. 
1 100 45 minutes 
2 98 44 minutes 
3 res) 34 minutes 
4 116 56 minutes. 
5 80 48 minutes. 
6 fie 38 minutes. 
7 95 42 minutes. 
8 96 46 minutes. 
9 126 48 minutes. 


Total time for 9 bushels, 401 minutes. 
Average time for 1 bushel, 45 minutes. 


From the above table, it will be seen that the total time used in test- 
ing 9 bushels of corn of various sized ears was 401 minutes. It takes 
longer to test a bushel of small ears than a bushel of large ones, but the 
average time per bushel is 45 minutes. At this rate, counting only 5 
acres to one bushel of seed, one man, in 10 hours’ total time, can test 
every ear of seed corn required to plant 67 acres. Of course the work 
must be done before planting time. It is suggested that winter evenings 
might profitably be employed in this way, but if the work is not done in 
the evenings, let it be done by daylight as part of the regular work. At 
all events, do not permit it to be overlooked, especially when we have 
such seed corn as much of that planted in 1904. 

It has already been suggested that it takes more time to test corn in 


plates of sand than in the Geneva apparatus. ‘Table 2 is offered to show 
the time used in testing by this method. 
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TABLE 2. 
29 100 80 minutes. 
30 98 85 minutes. 
31 75 63 minutes. 
oo 88 75 minutes. 
33 92 72 minutes. 


Total time required to test 5 bushels, 375 minutes. 
Average time required to test 1 bushel, 75 minutes. 


As seen by the above, the average time for testing in sand is 75 
minutes per bushel as against 45 minutes per bushel with the Geneva 
Tester. It is apparent that any one who has any amount of testing to 
do, can well afford to make a Geneva Tester or have one made, rather 
than use sand. 

It is sometimes urged that one who has had sufficient practice can 
select seed corn which will grow, simply by inspecting it, and that testing 
is unnecessary. 

There are many persons who can tell, with some accuracy, by simple 
examination, whether or not corn will grow, but we do not believe that 
inspection can be so accurate as testing. Moreover, the time used in 
carefully inspecting each ear in a given lot of corn is usually as great 
or greater than the time used in testing the same ears. The time required 
depends much upon the care with which the work is done. If four ker- 
nels are taken from each ear of corn and each kernel examined carefully 
and the germ inspected, it will require more time than it will to test the 
kernels in the Geneva apparatus. The average time used at the Station 
for inspecting thirteen bushels of seed corn with reasonable care, was 31 
minutes per bushel. With two lots, when four kernels were removed 
from each ear and carefully examined, the average time required was 44 
minutes per bushel. The average time for testing these same two lots 
in the Geneva Tester was 32 minutes per bushel. Even when the time 
element is taken into consideration, the evidence is all in favor of care- 
fully tested seed for the corn grower, as opposed to that selected 
mechanically. 

The following table shows the results which were actually attained 
with 37 different lots of seed corn. 7 

Eighteen of these lots of corn came to the Experiment Station from 
progressive farmers, and nineteen came from the most trustworthy corn 
specialists to be found. In the table given, column 1 indicates simply 
the number of the lot of corn tested. Column 2 gives the number of 
ears in that particular lot, and column 3 indicates the percent of the corn, 
taken just as it came to the Station, which germinated. This test was 
simply a composite one. Three kernels were taken from each ear, one 
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from the butt, one from the middle, and one from the tip. After three 
kernels were thus taken from every ear in the entire lot, they were 
mixed together, and 100 of them were selected at random. These 100 
kernels were germinated and the resulting percent was put into column 3. 
After this composite test was made, every ear in each lot was tested, by 
taking four kernels from an ear and germinating them in sand. In case 
any one of the four kernels did not grow, the ear from which it came was 
discarded as unfit for seed. The number of ears thus discarded is recorded 
in column 4. The remainder were reserved as being good for seed. 
Then, in order to determine whether such testing really accomplishes 
the desired object, composite tests were made of the “‘good corn,” which 
was reserved for seed, and of the “poor corn,’ which was discarded. 
The percents for the various lots as derived from these tests are recorded 
in columns 5 and 6. 


TABLE 3. 
Percent of germination 
Nevot tbat Number of ears\Composite test) Number of after testing 
25 OE tested. of all ears. jears discarded. G 
ood corn. Poor corn. 

1 41 91.0 11 98.9 82.0 
2 439 82.5 144 97.0 68.0 
3 81 87 .0 12 99.0 72.2 
4 371 84.0 95 95.0 55.0 
5 34 78.0 18 97.9 12.2 
6 330 95.0 St 98 .0 | 80.0 
if 433 94.0 38 100.0 72.0 
8 414 83.0 124 95.0 63.0 
9 §52 77.0 299 86.0 | 67.0 
10 389 97.0 31 100.0 85.5 
1] 88 96.0 14 97.0 80.9 
12 80 82.0 18 94.0 70.8 
13 298 93.0 44 98.0 71.0 
14 89 93.0 10 97.0 66.6 
15 60 84.0 Ze 96.0 77.0 
16 18 88.8 5 89.7 66.6 
17 43 83.0 20 90.0 40.0 
18 451 96.0 33 99.0 68 .0 
19 332 93.0 88 98.0 81.0 
20 456 62.0 295 93.0 30.0 
21 278 74.0 164 86.0 36.0 
22 109 87.0 at 97.0 71.4 
23 45 83.0 17 97.6 75.0 
24 40 51.0 28 97 .2 §2.3 
25 73 89.0 20 95.0 48.0 
26 144 92.0 36 95.0 81.0 
Ze 100 93.0 pag - 97.0 69.8 
28 98 91.0 18 95.0 68.9 
29 75 94.0 17 95.0 76.0 
30 88 87.0 26 96.0 66.6 
31 92 93.0 13 93.0 77.0 
32 116 90.0 39 | 93.0 70.0 
33 80 86.0 34 / 83.0 75.0 
34 77 68.0 41 74.0 42.0 
35 95 74.0 54 90.0 57.0 
36 96 64.0 63 80.0 51.0 
37 126 97.0 20 96.0 60.3 
Averages, 85.19 | 94 .00 66.11 


— 
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It will be observed that the percent of germination of the “good corn”’ 
in column 5, is higher in every instance than the percent of germination 
of the “poor corn,” in column 6; also that there are only two instances— 
that of test number 33, composed of 80 ears, and that of test number 37, 
composed of 126 ears—in which the percent of germination for the good 
corn is not as high or higher than that of the composite sample from which 
it came. This evidence therefore practically all goes to indicate that the 
plan is effective. In other words, having given a number of ears of seed 
corn, it 1s possible to determine with accuracy which of those ears have the 
highest average percent of germinable kernels. 

The average of all the tests of ‘good corn” in column 5 is 94.00 per- 
cent. The average of the composite tests of the lots of corn from whence 
those good ears were taken, is 85.19 percent. The original lots were 
made up of seed corn, which was carefully selected by ordinary methods 
before it came to the Agricultural Experiment Station. The difference 
between 94.00 and 85.19 is 8.81 percent, in favor of the “good corn,” 
which is clearly attributable to the fact that every ear was tested and 
only the ‘‘good ones”’ reserved. That this difference is correct is fur- 
ther attested by noticing the average percent of the “poor” lots of corn 
in column 6, which is 66.11. Evidently from this, no mistake was made 
in the kind of ears discarded. 

It is fair to assume, according to the above figures, that the seed corn 
planted in Illinois during the spring of 1904, might have been at least 
8.81 percent better than it was. Although it does not follow absolutely, 
it is not far from correct to reason that the crop is 8.81 percent lighter 
than it might have been, had the best seed attainable been used. This 
is a conservative estimate considering that the original lots of corn above 
were probably better than the average seed corn planted in Illinois in 
1904. 

Granting, then, that 8.81 percent of the seed planted failed to grow 
and that there were 1,000,000 bushels of corn used for seed in Illinois, 
the amount of corn planted which did not grow was 88,100 bushels. 
Valuing it at $2.00 per bushel, it represented a dead loss of $176,200. 
This amount alone would pay for testing practically every ear of corn 
planted in Illinois, counting labor at $1.50 a day. The great loss, how- 
ever, consists in the shortage of the crop due to this poor seed. The 
valuation of the corn crop in Illinois, as given in the year book of the 
Department of Agriculture for the year 1903, was $95,000,000. Count- 
ing the proportionate loss therefore, which might have been prevented 
by proper testing of seed corn, we have $8,369,500. The data herein 
presented certainly justifies the conclusion that such a sum could have 
been saved by Illinois corn growers the past year by properly testing 
seed. 
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To bring the matter as closely home as possible to the individual 
farmer, suppose that he raises 80 acres of corn, and that his normal yield is 
60 bushels per acre, giving a total of 4,800 bushels. His average loss this 
year was 8.81 percent of that amount, or 422.88 bushels. Valuing this 
at 40 cents a bushel, we have a loss of $169.15 due to the use of untested 
seed. This amount would pay the necessary wages for testing every ear 
of seed corn which would be used on 7,555 acres of land, counting the 
wages at $1.50 a day. These figures ought to appeal not so much to our 
seed dealers as to farmers and corn growers. They are the people 
directly interested. 

Having determined the data above, it is not unreasonable to assert 
that every corn grower ought to know beyond any peradventure, just 
what kind of seed corn he pours into his planter boxes at planting time. 
We do not mean to urge anything unreasonable, and we are not doing so. 
If we were to test say 1,000 ears of seed corn from a seed house and 
found them to grow perfectly, we would be ready to admit that the next 
1,000 ears were reasonably safe for seed, providing they were the same 
kind of ears, kept under the same conditions as the first 1,000 had been; 
but we would not take too much for granted. 

The object toward which we are all striving, is that agriculture be 
made an exact science. The testing of each ear of seed corn, whenever 
necessary, will certainly be a considerable stride in that direction. 
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MARKET GEXSSESPYNDe GRADES OF 
SW INE. 


By WILLIAM DIETRICH, Assistant 1n Swine Husspanpry. 


INTRODUCTION. 


In selling hogs to the local buyer or shipper, the farmer is very often 
at a decided disadvantage because he cannot interpret market reports 
to the full extent of their meaning, and therefore either does not get 
what his hogs are worth or loses a sale by asking too much for them. 
Believing that the producer of swine can be helped to a better under- 
standing of the market end of the business, it was thought that an 
attempt to explain how swine are classified and graded on the Chicago 
and other markets would be of benefit to the average farmer. The 
regular shipper who visits the market frequently and the large farmer 
who accompanies his stock to market have excellent opportunities to 
become acquainted with stockyards expressions, and therefore the 
market reports as they refer to the various classes and grades of swine. 
It is primarily for the benefit of those who do not have this opportunity 
that this work was undertaken. 

The necessity of an explanation of the classification is clearly evident. 
The very great difficulties, however, of such an undertaking are not so 
evident. The weight, condition, and quality of hogs coming to the 
market vary between wide limits, and, in general, make up markedly 
different classes and grades. Owing to the varying opinions held by 
different people who have to do with the handling of hogs on the market, 
and the activity of the market for certain classes compared with the 
dullness of the market for other classes, the limits of these different 
classes are somewhat variable. The boundary lines may be shifted one 
way or the other, depending on the activity of the market for one class 
and the dullness of the market for the other class, e. g., light hogs may 
be in great demand, but not very plentiful, and heavy hogs may be plen- 
tiful, but net in very great demand; then the boundary line between 
light and heavy hogs would be slightly raised so that the demand in the 
light-hog class could be filled with hogs from the lower limits of the 
_heavy-hog class. The difficulties of the task are further augmented in 
describing animals of the various classes with varying condition and 
quality so that they are clear to the reader. It is a comparatively simple 
matter to’ bring out animals to represent certain types and to illustrate 
with them the classes and grades to which they belong. But to describe 
on paper these concrete objects with such abstract differences as quality, 
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without the object itself, is by no means an easy task. On account of 
the restlessness and lowness to the ground of swine, it is difficult to secure 
good photographs of them, but having secured them, they are very helpful 
to familiarize the reader with the different classes and grades. 

Another difficulty that confronts one is the lack of uniformity in 
terms used in different market reports. Some of the terms thus used 
are not characteristic of what the names represent, and others are too 
broad in scope. 

In an effort to present the subject so as to conform as nearly as possible 
to the true relation of things and in such a manner that it can be under- 
stood by the average reader, the classification given in the following pages 
has been evolved. It must not be understood, however, that this is 
simply a theoretical classification. It is in fact the real classification 
used in the Chicago and other stockyards, although not strictly observed 
in market reports or absolutely followed in practice by buyers and sales- 
men. Very often it is much abridged without any inconvenience to those 
familiar to the trade. 

In small market centers the classification is not so complete, because 
the market demands are not so exacting nor the supply so abundant. 
As far, however, as the classification is carried out in American hog mar- 
kets it is in accord with the classification herein given. 

This bulletin is the result of a personal and extensive investigation 


on the Chicago and other markets, both in the United States and Canada, © 


where every possible courtesy was extended by the packers, stockyards 
officials, government inspectors, and especially by buyers, speculators, 
and commission men. Grateful acknowledgment is gladly made for 
assistance rendered by them in the preparation of this bulletin. 

All but two of the cuts presented herein were made from photographs 
taken expressly for this bulletin, and no time or expense was spared to 
obtain photographs which should be both clear and illustrative of what 
they represent. 

Before taking up the discussion of the market classification it is neces- 
sary, in order to’get a better conception of the subject in hand, to take 
up a general consideration of the hog of the United States leading up to 
the development of the 


FAT OR LARD HOG. 


To show the importance of the United States in the swine industry 
of the world, and thereby its influence in developing type, it is only 
necessary to state that it produces two-fifths of all the hogs in the world. 
In round numbers, according to the latest statistics obtainable, the 
United States has 47,000,000 hogs; Germany, 17,000,000; Russia, 
11,000,000; Hungary, 7,000,000; Canada, 3,000,000; Spain, 2,000,000: 


, 
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Roumania, 2,000,000; Poland, Belgium, Denmark, Australasia, and the 
Netherlands, each 1,000,000. All other countries, together with those 
above enumerated, have enough to make 117,000,000. 

As to the distribution of hogs in the United States, we find that in the 
year 1901-02, there were packed in the western states, including Ohio, 
Kentucky, and the states to the west, 25,411,676 hogs. During the 
same year there were packed in the eastern states, including New York, 
Pennsylvania, and all states to the east, 2,749,000 hogs. Considering 
that Chicago alone ships 1,000,000 hogs to the east annually, it is very 
evident that the states of the Mississippi Valley play a very important 
part in the swine-growing industry of the world. The type of. hog pro- 
duced here is familiar to all stockmen of the United States. Unlike the 
bacon hog of England, Denmark, and Canada, the most valuable parts 
of this animal are the hams, back, and shoulders, consequently these 
parts are developed at the expense of the sides, and the result is a hog 
that is diametrically opposite to the above mentioned bacon hog, viz., 
one that has a broad back, wide and full hams and shoulders, also a heavy 
neck and jowls, with a large proportion of external as well as internal fat. 

The question that naturally presents itself in this connection is, why 
is there such a difference between these different types of hogs when 
they are all used for meat production? This question is all the more 
striking when we stop to consider that all the breeds of beef cattle and 
mutton sheep in all the principal countries of the world are practically of 
the same form, If not yet of precisely the same form, they are all being 
developed toward the same ideal. It is true that there is a great differ- 
ence between beef cattle and dairy cattle, but they serve different pur- 
poses. In one instance, the production of meat is of primary impor- 
tance; in the other, milk and butter are produced at the expense of meat. 
Considering that the fat or lard hog furnishes fat in the form of lard, and 
the dairy cow furnishes fat in the form of butter, there might be a slight 
comparison between the two. But on the other hand, the fat or lard 
hog is grown primarily for the meat produced from his carcass, conse- 
quently both in this respect and in his form, the fat or lard hog resembles 
the beef steer. Then why the difference between the two above men- 
tioned types of hogs? 

Most of the hogs of the United States as shown above are grown in 
the corn belt, consequently this section of the country has taken the lead 
in the development of swine of the fat or lard hog type, and has deter- 
mined their characteristics. When the United States was settled, swine, 
of course, were brought over from Europe, but conditions here, and 
especially in the corn belt, were very different, and the character of the 
hog was changed to meet the demand as it developed under the different 
conditions. 
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There are three principal reasons for the development of the fat or 
lard hog: 

1. The abundance and relatively low price of corn. 

2. The home demand for cured meats. 

3. The foreign demand for cheap meats. 

(1) Corn is a plant native to America, and in the corn belt can be 
produced with much less cost than can any of the other grains. It is 
very natural then that it should be used almost exclusively as a feed for 
swine. It is a feed that is comparatively rich in carbohydrates and 
much lacking in protein. Carbohydrates are used in the animal body for 
building up fat and to furnish the fuel that is used in the production of 
physical energy. Protein is that part of a food material that is rich in 
nitrogen and is used principally to build up muscle or lean meat. Feeds 
such as middlings, peas, skim milk, etc., are rich in this constituent. 
Now, since corn is the principal source of feed for swine in the United 
States, it is only the natural consequence that its hogs are of the fat or 
lard hog type. 

(2) In the earlier history of the United States, very few, if any, of ~ 
the frontier sections had railroad facilities, so could not import fresh 
meats; neither had they facilities for local production of meats. Then, 
again, these places, and especially the lumber camps, used a great deal 
of meat, and it had to be of such a nature that it could be hauled long 
distances on wagons and be capable of long storage after reaching its 
destination. The most satisfactory meat for this purpose was mess 
pork. There are two reasons why fat salt pork was better than lean salt 
pork. (a) Fat pork does not become so salty on being pickled as does 
lean pork. It is not so thoroughly penetrated by the salt, therefore is 
more palatable after long storage than is lean pork, which also requires 
a larger quantity of salt, and is not so well preserved as is the fat pork. 
(b) Fat pork was better both from the employer’s and from the con- 
sumer’s point of view, because on account of its fatty nature, it contains 
two and one-fourth times as much energy per unit of weight as does lean 
pork, therefore making a cheaper article on the bill of fare, also furnishing 
sufficient energy to the laborer who was toiling hard in cold winter 
weather. 

(3) There was a foreign demand by the poorer class of people for 
cheaper meats than could be supplied by their high priced bacon industry. 
This cheaper meat could be supplied in the form of fat pork made from 
low priced corn, and at the same time could be furnished at a profit. 

From these various causes it is clearly evident that the fat or lard 
hog of the United States was produced not only because he could be 
produced more cheaply than the bacon hog, but also because there was a 
demand for just such a hog. 
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The following is the classification of swine as used on the principal 
markets: 


CLASSES. SUBCLASSES. GRADES. 
PRIME HEAVY HoGs=oo0=p004b 5.50 <2 aetna eee oa eee ses PRIME. | 
{ Heavy Burcuers, 280-350 lb. } “ a 
ButTcHER Hoas, Q P ae 
180-350 lb. | eRe eee 220-280 lb. ‘ 
| Light ButcuErs, 180-220 lb. Goop 
CoMMON 
Plea eitnas | Heavy Packina, 300-500 lb. Goon. 
2010-500 ib. MrpIuM PAcKING, 250-300 lb. CoMMON. 
Mrxrp Packina, 200-280 lb. INFERIOR. 
( ( ( CHorce 
Ene., 160-220 lb. LIGHT 
Fat. 
Bacon. < Cuion 
| U. S., 155-195 Ib. Caan 
Lieut Hoss, l CoMMON 
125-220 lb. ‘ ; Goop 
Lieut Mixep, 150-220 lb. CoMMON 
INFERIOR 
| Goop 
Ligut Lien, 125-150 lb. CoMMON. 
3 INFERIOR. 
CHOICE. 
BETA 0 | Sori eee a ee ee ie td ey Vee hos Rv ae ee Goon. 
CoMMON. 
Rovuaus. 
STAGs. 
Boars. 
MISCELLANEOUS. 
Roastine Pigs, 15-30 lb. 
FEEDERS. _ 
GOVERNMENTS. 
PEN HOo.LpErs. 
Drap Hoes. 


PRIME HEAVY HOGS. 


By the term “prime heavy hogs,” is meant a prime heavy fat-back 
hog, weighing from 350 to 500 pounds, the extreme of the fat or lard hog 
type. Plate 1, page 424. (For meaning of prime, see discussion under 
“Butcher Thee ”” nage 425.) 

With the tendencies of the market working toward the lighter hogs, 
there are not very many of these heavy hogs at present coming to mar- 
ket; however, there are still enough to make a market class. The fat 
meat of these hogs is classified separately, and finds a market in Ger- 
many, France, and in some parts of Spanish America. Such cuts as 
“clear backs” and “clear bellies,” which are composed of the clear fat 
without any admixture of lean meat, are made from hogs of this class. 
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_ BUTCHER HOGS. 


Butcher hogs as a class are principally barrows. Other things being 
equal, barrows sell more readily and at better prices than do sows. 
In a drove of butcher hogs there may be present a few good sows with- 
out detracting from the,value of the drove. Good young sows, as a 
rule, are kept on the farm for breeding purposes, and poor young sows 
and old sows will not take on the finish required in the butcher hog class. 

Butcher hogs are commonly used for the fresh meat trade. They 
may be slaughtered and consumed at home, may be shipped and 
slaughtered in the east, may be slaughtered locally and the meat 
consumed locally, and may be shipped east, or even to foreign countries. 
About 25 percent of the hogs coming to the Chicago market annually are 
of this class. They range in age, with good care and heavy feeding, from 
about six months for the light butchers to one year for the heavy butchers. 
With less intensive feeding the age will be greater for hogs of the various 
weights. 

The class of butcher hogs is subdivided into three subclasses, as 
follows: | 

Heavy butchers, 280-350 lb. 

Medium butchers, 220-280 lb. 

Light butchers, 180-220 lb. 

Except in weight, these three subdivisions are practically the same. 
Hogs of this class are graded on the market as follows: 

Prime heavy butchers, plate 2, page 426. 

Good heavy butchers, plate 3, page 428. 

Prime medium butchers, plate 4, page 429. 

Good medium butchers, plate 5, page 430. 

Common medium butchers, plate 6, page 430. 

Prime light butchers, plate 7, page 431. 

Good light butchers, plate 8, page 431. 

Common light butchers, plate 9, page 432. 


PRIME BUTCHERS. 


Hogs that will grade as prime butchers, either heavy, medium, or 
light, must be perfect in quality, ideal in form, and must show much 
evidence of ripeness in condition as well as maturity. 

Prime.—The term “prime” in a general way means the best of the 
class, but in a more specific way in stockyards’ vernacular, it has a mean- 
ing of its own. To grade as prime, a hog must show marked evidence of 
ripeness and maturity. The two must go hand in hand. A hog may be 
mature without having been fed so as to show that bloom of condition 
that is necessary for a prime hog, or he may have been as well fed as 
possible and not be sufficiently mature; consequently he would not grade 
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as prime. The high state of finish required for a hog of this grade is 
brought about by liberal grain feeding to maturity. Maturity in general 
means that condition at which development is complete. In a more 
specific sense in the realm of swine feeding it may be given an additional 
meaning, viz., that stage in the process of feeding where growth ceases 
under a given system of feeding and the animal takes on the form and 
appearance as well as the high state of finish of an ordinarily well-fed 
mature animal. This may be at different ages and weights, thus giving 
us prime heavy hogs and prime, heavy, medium, and light butchers, 
ranging in weight from 500 down to 200 pounds. 

Quality —By quality is meant the characteristic that is indicated by 
a medium sized, fine, clean-cut head without any surplus fat or wrinkles 
of skin; medium sized ears of fine texture; hair that is fine, straight, and 
silky, and lies close to the body; skin that is smooth, pliable, and free 
from wrinkles; tail that is smooth, nicely tapering, and not too large; 
bone that is fine, firm, and free from undue coarseness at the joints as 
indicated in the legs; shoulders that in the case of boars have not too 
large development of shields; and by a symmetrical, smooth development 
throughout the entire body. In short, such points of refinement in form 
and features as are characteristic of well-bred swine. 

Form.—The form of a prime butcher hog is that of an ideal fat or lard 
hog, viz., broad back, wide and well-filled hams and shoulders, short, 
heavy neck, heavy jowls, and short legs. The hog must have these parts 
well developed, and at the same time be symmetrical, smooth, and com- 
pact. Together with this form there must be an indication of quality, 
such as goes only with good breeding and good feeding. 

Condition.—Condition is a greater factor than either form or quality 
in determining the grade to which a fat hog belongs. By condition is 
meant the degree of fatness. Prime butcher hogs must be well covered 
with a thick layer of fat on the outside of the carcass, be well rounded 
out at the rump, thus making a socket in which the tail is set, be well 
filled out on neck up to the face, have a broad, fat back with much fat 
on sides and on belly, and be well filled in flanks and in twist. Besides 
this, they must be free from flabbiness, and show a firm, even, and sym- 
metrical development. Plates 2, 4, and 7, pages 426, 429, 431. 


GOOD BUTCHERS. 


Hogs of this grade, though not as good as the prime butchers, are still 
very good representatives of the porcine family in a high state of develop- 
-ment. Compared with prime butchers, the good butchers may be 
slightly deficient in form, or a little lacking in quality, or maturity, or 
may be lacking: somewhat in condition. The deficiency may be in any 
one or in all of-these characteristics; if in only one, it may be more marked, 
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and if in all, it must be only slight in each to permit the hog to still grade 
as a good butcher. Plates 3, 5, and 8, pages 428, 430, 431. 


COMMON BUTCHERS. 


These are found only in the medium and light butcher classes. Tak- 

ing hogs as a whole, as they come to the yards the common butchers are 
still of the better grades. There is not the difference between these and 
prime butchers that there is between “common rough steers” and ‘‘ prime 
steers” in the grades of beef cattle. The common butcher hog is one 
‘that shows considerable evidence of having been well fed, and possesses 
compactness, smoothness, and firmness. Frequently, however, he is not 
a mature animal, and is considerably more deficient in form, quality, and 
condition than the prime butcher hog. Plates 6 and 9, pages 430, 482. 

In different markets and different market reports various terms are 
used to represent all or part of this class of hogs. Some of the names that 
are commonly used are “heavy shipping,” “selected,” “mediums and 
butchers,” ‘mediums and heavies.” The term “heavy shipping hogs’’ 
cannot consistently be used for this class, as the same kind of hogs are 
used for home consumption. By “shipping hogs” are meant hogs that 
are bought in a market like Chicago and shipped elsewhere to be slaugh- 
tered. This term may include hogs of several different classes and 
grades. ‘‘Hog shippers,” as used in market reports, means men who 
buy hogs on the market and ship them out again to some other market. 
The term “mediums and heavies”’ is a term that means hogs of medium 
and heavy weight, and may have reference to hogs in two entirely differ- 
ent classes. 
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PACKING HOGS. 


As a whole, the hogs of this class are of a poorer grade than are the 
butcher hogs, and it is here that we find old brood sows and all other 
hogs, except the poorer classes, such as roughs, boars, and coarse stags, 
that are heavy enough for this class and not good enough for the butcher 
hog class. , 

This is the class of hogs from which, as the name indicates, the pack- 
ing industry has received its name. The side pork from these hogs is 
used principally in the various processes of curing. It is made into mess 
pork, short cut mess pork, dry salt sides, and the hams and shoulders are 
cured. About forty percent of the hogs coming to the Chicago market 
annually are of this class. They range in age upwards of about nine 
months. A 200-pound packing hog is usually an older hog than a 200- 
pound butcher hog. He has not been fed in the manner necessary to 
make a butcher hog, consequently has required more time to attain a 
given weight. 

This class of hogs is subdivided into three subclasses, viz.: 

Heavy packing, 300-500 lb. 

Medium packing, 250-300 lb. 

Mixed packing, 200-280 lb. - 

Heavy packing includes the heavy hogs of this class and medium 
packing the lighter hogs. Mixed packing is a subclass that is somewhat 
characteristic in itself. This is representative of hogs as they come to 
the yards from local buyers in the country, and represents hogs of differ- 
ent classes as well as different grades, as the name indicates. There 
may be heavy packing, medium packing (medium meaning medium in 
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weight, not in quality), some light hogs, and even a few butcher hogs in 
the drove. Such droves of hogs are frequently seen on the market. In 
fact, a great many come in this way, and are simply called mixed packing, 
and in some cases mixed hogs, and sold to the packer without sorting. 
In such cases the sorting is done after slaughtering, when the carcasses 
are being cut, the heavy ones being sent one way and the lighter ones 
another. 

This kind of hogs must necessarily sell at a slight disadvantage. A 
mixed drove of hogs, even if they are composed of good individuals, 
never looks as well as a drove that are all of the same size, and of course 
' they sell to some extent on their appearance. If a commission man will 
sort up such a car of hogs and sell them in their various classes, he will 
always have a few of one class in a lot by themselves that will not sell so 
well as would a larger drove—a drove sufficient to make a carload. 

It is this class of hogs principally, viz., mixed packing, that furnishes 
a field for operation to the speculator. He buys several carloads of these 
mixed packing hogs and sorts them into their various classes and resells 
them. By so doing he gets enough of a class to make carload lots with 
which to fill shipping orders or with which to attract the eye of a local 
buyer, and thereby sell his hogs at a_ profit. 

The speculator is a desirable adjunct to all great central markets. 
He helps to create competition, to tide over dull times in the market by 
taking some of the surplus hogs and selling them on days when hogs are 
more scarce. It is true that the shrewd speculator sometimes makes 
considerable profit in his operations, but very often the speculator, by 
means of his plunging business methods, pays more for a drove of hogs 
than is offered by other buyers. He has the advantage in that all the 
hogs he handles pass through his hands as his private property, and he 
can grade them both as to grade and as to numbers so that they will sell 
to the best advantage. This the commission man cannot always do, 
because he would not have enough of a grade to make an attractive drove. 
The grades of packing hogs are as follows: 

Good heavy packing, plate 10, page 434. 

Common heavy packing, plate 11, page 436. 

Inferior heavy packing, plate 12, page 437. 

Good medium packing, plate 13, page 437. 

Common medium packing, plate 14, page 488. 

Inferior medium packing, plate 15, page 438. 

Good mixed packing, plate 16, page 439. 

Common mixed packing, plate 17, page 440. 

Inferior mixed packing, plate 18, page 441. 


BULLETIN No. 97. 


434 


1904. ] MarRKET CLassEs AND GRADES oF SWINE. | 435 


GOOD PACKING HOGS. 


The grades in this class, either heavy, medium, or mixed packing, are 
rather difficult to describe. Being a mixture of several different kinds 
of hogs, the terms good, common, and inferior may have several inter- 
pretations. There may be a lot of old sows that bear evidence of once 
having had pigs, but are fitted in very high condition. They are very 
good in form, quality, and condition, but having performed maternal 
duties, they are not capable of so high a finish, and consequently cannot 
be classified with butcher hogs. These, then, are good packing hogs, 
either heavy or medium, according to weight. Again, there may be a 
drove of barrows that are not well enough developed and are too much 
lacking in form, quality, and condition to go into the butcher hog class, 
but still bear marked evidence of being of the fat hog type and breeding 
and these are graded as good packing hogs. Then again, there may be 
a mixture of sows and barrows quite varying in quality and condition, 
but still bearing sufficient evidence as a whole of good breeding, form, 
and quality to grade as good packing hogs. Plates 10, 13, and 16; pages 
434, 4387, 439. 


COMMON PACKING HOGS. 


This grade of packers is similar to the foregoing, except that they need 
not show so perfect a form, so fine a quality, or show so much evidence 
of having been fed. They are, however, strictly of the fat or lard hog 
type, and show that they have been fitted for market. Plates 11, 14, 
and 17; pages 436, 438, 440. 


INFERIOR PACKING HOGS. 


In this division of the hog market we find hogs that are poor in form, 
coarse in quality, and much lacking in condition. They are, however, 
good enough in these various characteristics to allow them to pass unques- 
tionably as fit for the block. Plates 12, 15, and 18; pages 437, 438, 441. 

In the various market reports we find such terms as “mixed packing”’ 
“heavy packing,” “mixed hogs,” “mediums and heavies,” and “mediums 
and butchers,” to represent a part of all of the hogs in this class. The 
first two terms are names of subclasses, and mean what the name indi- 
cates. ‘‘Mixed hogs,’ is too vague a term, as it may mean almost any- 
thing. The two latter terms may stand for hogs of different classes; 
“mediums” may refer either to,;packing or to butcher hogs; ‘“heavies’’ 
may refer either to heavy packing or to heavy butcher hogs; and 
“butchers,” of course, refers to butcher hogs. 
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LIGHT HOGS. 


The class of light hogs includes all hogs within the weight limits, 
125-220 lb., except roughs, stags, and boars, which form separate 
classes. About fifteen percent of all the hogs coming to the Chicago 
market are of this class. They range in age from five to eight months. 
Since this class includes practically all hogs within the given weight 
limits, they must necessarily be quite different as to form, quality, and 
condition. Such being the case, the meat from the same is prepared 
differently, thus making the subclasses of more importance than in the 
two former classes. ‘These, then, must be considered separately. They 
are as follows: 

Eng., 160-220 lb. 
U.S., 155-195 lb. 

Light mixed hogs, 150-220 lb. 

Light light hogs, 125-150 lb. 


Bacon hogs, 


Bacon Hoas. 


Hogs of this type are used for the production of bacon. This is pork 
that has been salted and then smoked. Breakfast bacon, as is well 
known, is cut from the side of a hog, and is prepared as above. Where 
this kind of pork is prepared from a carcass, the hams and shoulders are 
sold separately. Much of the English bacon is cut into what is called a 
“Wiltshire side.”’ This is the whole side, with simply the head and feet 
cut off. 

In order to understand this subject more fully, we must first consider 
in a general way what is meant by 


_ EnauisH Bacon Hoas. 


The bacon hog that is representative of this class belongs primarily 
to Great Britain, Denmark, and Canada. In recent years, this hog has — 
been introduced into the United States, and is rapidly establishing for 
itself a market class. Many hogs are sold on the Chicago and other mar- 
kets of the United States for bacon purposes, but the greater part of them 
are not of the ideal bacon type. 

This hog must be long in body, deep in side, with comparatively 
narrow back, narrow and light hams and shoulders, and light, muscular 
neck. This form is desirable because it is the side of the hog that fur- 
nishes the best and most expensive cuts, and it is necessary to have as 
much as possible of this at the expense of the other parts. This hog 
must also show indications of having firm flesh, be well covered with lean 
meat or muscle, and must not have an excess of fat on the outside of the 
carcass. The fat on the outside should not be more than one to one and 
a quarter inches in thickness, and should be evenly distributed over the 
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entire carcass. The weight must be between 160 and 220 pounds, as 
this makes the most desirable cuts as to size, flavor, and firmness. From 
the very nature of a cut of bacon, size is of much importance. A hog 
smaller than the given weight would furnish a side of bacon that would 
be too thin, and one larger than this would furnish one that would be 
too thick. 

_ A hog old enough, that with good care and breeding will weigh from 
160 to 220 pounds, furnishes bacon that is of the best flavor. A hog 
smaller than this would very likely be too young and one heavier than 
this would be too old to furnish bacon of the best flavor. In firmness of 
flesh, also, the 160 to 220-pound bacon hog is likely to be most desirable. 
A hog younger than is required to produce this size would have too much 
water in its flesh; for the younger the animal, the more water it has incor- 
porated in its system, and this excess of water in the system of the young 
hog not only detracts from the firmness of the flesh, but also replaces 
much of the food value, thus forming a meat that has less “substance.” 
When a hog is heavier than 220 pounds, he is not so good for bacon pur- 
poses, because when beyond the age required to produce this weight 
there is a greater tendency to lay on fat, not only on the outside of the 
carcass, but also to intermix more fat with the lean meat, thus producing 
too much fat in proportion to lean meat for the best bacon. After this 
age there is also more of a tendency to lay on fat unevenly and in patches, 
and where this occurs it is impossible to produce good bacon. 

These hogs are graded on the market as: 

Choice bacon (Eng.), plate 19, page 444. 

Light bacon (Eng.), plate 20, page 444. 

Fat bacon (Eng.), plate 21, page 445. 

By the term choice, in reference to a bacon hog, is meant one that 
conforms as nearly as possible to the above description. It must have 
the form that is characteristic of this type of hog, and must have the 
best quality and condition that is desired for the bacon trade. The indi- 
cations of quality are the same as given on page 427. 

Condition.—By condition is meant the degree of fatness of an animal. 
The bacon hog is not a fat hog, consequently when a bacon hog is in good 
condition for market, he is an entirely different looking hog from a fat or 
lard hog when in such condition. To be in good condition a bacon hog 
must have a good development of lean meat or muscle, with the proper 
amount of fat as outlined above. He must be smooth, well developed, 
and have a large proportion of edible meat, while the proportion of fat 
and other offal must be small. Hams, shoulders, jowls, and neck must 
also be small in proportion to length and depth of side. If a hog has all 
these characteristics of form, quality, and condition developed to a marked 
degree, it would be considered a choice bacon hog. Plate 19, page 444. 
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A light:bacon hog, plate 20, page 444, resembles a choice bacon hog in 
form, but is lighter in weight, usually poorer in condition, and may be 
coarser in quality. A fat bacon hog, plate 21, page 445, resembles a choice 
bacon hog except that he is too fat. He may or may not be too heavy. 
Plate 22, page 445, shows a group of unfinished bacon hogs. They have 
the proper form, but are lacking in weight and condition. 

As said before, hogs of this class were in the past produced principally 
in Great Britain, Denmark, and Canada, where the conditions were 
more favorable for the production of this class of hogs. In these coun- 
tries corn is grown in very limited quantities, and the principal feed for 
hogs is barley, oats, peas, rye, roots, wheat, and its products. These 
feeds, together with the exercise obtained in roaming over pastures, are 
conducive to the production of the best bacon. 
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It may be thought that the production of bacon is possible only with 
certain breeds of swine and that these breeds will always produce bacon 
under all circumstances. While this is true in a general way, it is not 
always true. It is the feed and mode of life that produces the bacon hog 
and that enables him to retain his form as such after he has been devel- 
oped. It would require only a few years, by taking a bacon hog and 
confining him in.a small pen, feeding him and succeeding generations on 
corn alone, and selecting the breeding stock with the desired end in view 


to produce a hog very similar to the present day fat or lard hog of the » 


United States. It is also true that by selection, care, and proper feeding 
a bacon hog could in time be produced from the above mentioned fat or 
lard hog. 


Bacon Hogs oF THE UNITED STATES. 


The bacon hog of this type differs considerably from the [English 
bacon hog. There is, however, a growing tendency toward the typical 
bacon type. The indications point to the fact that we are at the “parting 
of the way,’ and that in the future we will have a place for the ideal 
bacon hog as well as for the fat or lard hog. Corn is at present being 
used for other purposes, such as the manufacture of corn-starch, whiskey, 
and oil. The latter is used for various purposes, as for lubricating, a 
table oil, as a substitute for olive oil, linseed oil, etc. This has caused 
the price of corn to go up to nearly what other grains, used as hog feeds, 
are worth. At the same time, a ration of all corn, which usually forms 
the principal part of the feed of the fat or lard hog, is coming to be 
generally recognized as detrimental to the best development of swine 
from the breeder’s standpoint. These things are the cause of a gradual 
drifting toward a more mixed ration in swine feeding, and usually a 
ration containing more protein or flesh forming material. Coupled with 
this, there is not so great a demand for fat pork as there formerly was, 
and shipping and cold storage facilities are much better, consequently 
more fresh and lean meats are used. ‘These various factors are gradually, 


but most surely effecting a change in the character of swine in the United » 


States. The all fat hog of the past will in the future be partly replaced 
by the bacon hog, and the fat or lard hog as a whole will in the future 
more nearly approach the bacon hog in form than in the past. Of course, 
there will always be a demand for lard, consequently there will always be 
a place for the fat or lard hog. But the bacon hog will occupy a more 
prominent position in the future than he has in the past. ‘There is a 
demand on the markets of this country from foreign countries and more 
largely from our own country, for bacon, and there being few bacon hogs 
to supply the demand, the trade is supplied from the lighter hogs of the 
fat or lard hog type. This bacon, however, does not command so high 
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a price on the market as does bacon from typical bacon hogs. The 


- bacon hogs under consideration here weigh from 155 to 195 pounds, 


and range in age from six to eight months. They are simply hogs 
selected from the light hogs in general, that conform as nearly as possible 
to the bacon type. They are not very fat, have fairly good develop- 
ment of muscle, or lean meat, and are as long and deep inside as is pos- 
sible to obtain them. About 20 percent of the light hogs that come to 
the Chicago market are of this type. They are handled on the market as 

Choice bacon (U. 8.), plate 23, page 447. 

Good bacon’ (U. 8.), plate 24, page 448. 

Common bacon (U. S.), plate 25, page 448. 


Choice bacon hogs are the best of this class; they are hogs that show 
good length and depth, good quality, and are smooth, well developed, 
and not very fat. They are hogs that have had considerable exercise 
and have not been fed on an exclusive corn ration. These bacon hogs 
are selected for the most part from shipments that come from outside 
of the corn belt, where the principal feed is similar to that used in Great 
Britain, Denmark, and Canada for bacon production, viz., oats, barley, 
rye, peas, skim milk, and pasture. These are the feeds that are con- 
ducive to the production of the best bacon when fed to hogs of the bacon 
type, and when fed to hogs of the fat, or lard hog type, bacon hogs 
such as we have under discussion here are produced. These bacon 
hogs have more fat on the outside and less lean meat on the inside of 
their carcasses than the typical bacon hogs, but are better in these 
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respects than the typical fat, or lard hogs. In truth, this bacon hog is 
an intermediary between the fat or lard hog and the typical bacon hog, 
being more like the former than the latter. Plate 23, page 447. 

The good bacon hogs of this class may be of poorer quality, may 
be lower in condition, or may be too fat or too much of the fat hog type. 
Any one or all of these conditions would be the cause of hogs grading 
lower than choice. Plate 24, page 448. 

If there is a still more marked deficiency in these characteristics, 
the hog will grade as a common bacon hog. But still this hog has suffi- 
cient quality and condition to show that he has been well bred and has 


been fed so that his sides will do to cure for the cheaper grades of bacon. 
Plate 25, page 448. 
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Licgut Mrixrep Hoas. 


~ 


About 55 percent of the light hogs coming to the Chicago market 
are of this class, and here we find somewhat of a miscellaneous class 
quite similar, except as to weight, to mixed packing hogs. This class 
contains the hogs of the light butcher weights that are too poor in 
quality, form, and condition for butcher hogs. It also contains hogs of 
the same weights as the bacon hogs, but that are too much of the fat 
or lard type hog for bacon. This class, then, is the “dumping ground” 
for the outcasts of two former classes of hogs; in one case it takes the 
poorer hogs and in the other case the better hogs, considered from the 
fat or lard hog standpoint. Hence the appropriateness of the name. 
Hogs of this class are used principally for the fresh meat trade and 
weigh from 150 to 220 pounds. They range in age, from five to seven 
months, and grade as 

Good light mixed, plate 26, page 449. 

Common light mixed, plate 27, page 450. 

Inferior light mixed, plate 28, page 450. 

Being familiar with the kind of hogs in this class, we are better able 
to judge as to their grades. They are good, common, and inferior, in 
proportion as they are good, common, and inferior in form, quality, 
and condition, or in proportion as the better hogs in the class are in 
excess of the poorer ones. Plates 26, 27, 28, pages 449, 450, 450. 
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Licut Liaut Hoas. 


About 25 percent of the light hogs coming to the Chicago market 
are of this class. This is a class of hogs ranging in weight from 125 
to 150 pounds, and in age from five to six months. They bear the 
name of “light light,” because they are the lightest of light hogs. While 
the “light butchers” and “bacon hogs” are the selected kinds of their 
respective weight, with consequent small variation between the different 
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grades, the class of “light light hogs” includes all the hogs of this weight; 
consequently the range in the grades is wider. They are used principally 
for the fresh-meat trade, and the grades are as follows: 

Good light lights, plate 29, page 451. 

Common light lights, plate 30, page 451. 

Inferior light lights, plate 31, page 452. 
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Good light lights are the best hogs of this type that come to market, 
while the common light lights are of a poorer grade, and the inferior 
light lights are the poorest grade within these limits. These latter are, 
however, by no means the poorest grade of hogs that come to market. 
Plates 29, 30, and 31; pages 451, 451, 452. 


In the Buffalo market light hogs weighing from 130 to 180 pounds 
are called “Yorkers”; the lighter ones are called “light Yorkers,” and 
the heavier ones “best Yorkers.” This is only a colloquial expression, 
and by it are meant hogs such as are represented by “bacon hogs,” 
“light lights,” and “light mixed” hogs. They are called Yorkers because 
hogs of this class find ready sale on the New York market and are very 
often shipped there from Buffalo. Being shipped from Buffalo, they 
might under another nomenclature be called “shippers.” 

“Dairies” is another colloquial term used in Buffalo, and means hogs 
that have been fed on slops or refuse from dairies. The flesh of these 
hogs is not so firm nor will they dress so well as will corn-fed hogs. 


PIGS. 


Pigs, as they are considered on the market, range in weight from 
60 to 125 pounds, and in age from three and one-half to six months. 
This class, the same as that of light light hogs, takes in all the pigs that 
range within the given weights. These are used principally to supply 
the demand from the cheaper restaurants and lunch counters, and are 
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in greatest demand in winter, being hard to preserve fresh in summer 
and too young to cure. About 10 percent of the hogs coming to the 
Chicago market are of this class. They are graded as follows: 

Choice pigs, plate 32, page 453. 

Good pigs, plate 33, page 453. 

Common pigs, plate 34, page 454. 

They are choice, good, and common pigs, in proportion to their 
approach to the ideal of a fat hog. Here, as in the other classes, form, 
quality, and condition determine their grade. They are choice when 


these characteristics are well developed, and good and common as these 
qualities are less marked. Plates 32, 33, and 34; pages 458, 453, 454. 
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ROUGHS. 


In this class we find hogs of all sizes that are coarse, rough, and lack- 
ing in condition. If they are too inferior to be classed as packing hogs 
or as light mixed hogs, they go into the class of roughs. The pork 
from these hogs is used for the cheaper class of trade for both packing 
and fresh meat purposes. In market reports pigs and. roughs are 
frequently classed together, not because they belong in the same class. 
but because they sell at approximately the same price. Plate 35, page 455, 


STAGS. 


Stags are hogs that at one time were boars beyond the pig stage 
and have been subsequently castrated. They sell with a dockage of 
80 pounds. If they are of good quality and condition and do not show 
too much stagginess, they go in with the various grades of packing 
hogs. When they are coarse and staggy in appearance, they are sold 
in the same class with boars. The intermediary grades sell for prices 
ranging between these extremes, dependent upon their freedom from 
stagginess and their quality and condition. Plate 36, page 456. 


€ 


BOARS. 


Boars are always sold in a class by themselves and bring from two 
to three dollars per hundredweight less than the best hogs on the market 
at thesame time. They always sell straight, with no dockage. There are 
no distinctions as to grades; they simply sell as boars. Of course, if 
there are marked differences as to quality and condition, the price varies 
a little accordingly. The pork from these animals is used to supply the 
cheaper class of trade, and also for making sausage. Plate 37, page 456. 


OF SWINE. 
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MISCELLANEOUS. 
RoastTInG PIs. 


This is a class of pigs from three to six weeks old and weighing from 
15 to 30 pounds. These are not generally found quoted in market 
reports, as they come to market in such small numbers and only during 
holiday seasons. Pigs of this class usually are of very nearly uniform 
grade. They are taken direct from their dams, dressed with head and 
feet on, and served like spring chickens or turkeys. The price varies 
greatly, ranging all the way from regular live hog prices to that paid 
for poultry. Plate 38, page 457. 


FEEDERS. 


Feeders are hogs that are bought on the market and taken back to 
the country to be further fed. This is practiced only to a very small 
extent. First, because the price per hundredweight of the animal is 
not usually much enhanced by such an operation, as is the case with 
cattle. Many times such a hog would sell for less money per pound 
after being fed to a heavy weight, than the price paid for him when 
bought as a pig. This is due to the fluctuation in price between heavy 
and light hogs. Second, there is too much danger of the hogs con- 
tracting diseases, such as hog cholera and swine plague, by going through 
the yards and by being shipped in cars that may be infected. Further- 
more, the life of a hog being short and the feed required to put him in 
market condition not being very great, he is usually fitted for market 
in first hands. Then again, a pig that has been fed on corn would not 
be a profitable feeder, owing to the tendency to lay on fat at the expense 
of the muscle and framework of the body. 
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GOVERNMENTS. 


Before hogs are allowed to pass over the scales to be weighed out 
to the packer, the speculator, the shipper, or to any one else who may 
choose to buy them, they must first pass the scrutiny of a government 
inspector. All hogs that are not considered sound in every respect are 
tagged by this inspector and retained for further inspection. These 
are called Governments. Plate 39, page 458. They are usually bought 
up by a local dealer and taken to one of the smaller packing houses, 
where they are slaughtered under the supervision of an inspector. If 
found to be affected so as to make their flesh unfit for human food, 


they are condemned, slaughtered, and tanked. The tank is a large. 


steam-tight receptacle like a steam boiler, in which the lard is rendered 
under steam pressure. This high degree of heat destroys all disease 
germs with which the diseased carcass may have been affected. The 
product of the tank is converted into grease and fertilizer. This many 
people consider poisonous because it is made from dead and diseased 
animals. Such, however, is not the case. Most diseases are caused by 
bacteria. These render the meat from such animals unfit for human 
food, on account of the danger of transmitting the disease, but they are 
completely destroyed in the process of rendering the lard, which is 


then used for the manufacturé of axlegrease, soap, etc. The lean meat 


and bones of such animals, after going through the tank, are used for 
the manufacture of fertilizer. This also has all disease germs with 
which it has been affected completely destroyed and is perfectly harmless 
to be used on soil, meadow, or pasture grass. It could even be used 
for the manufacture of tankage and allied farm animal food products 
with entire impunity. The packers, however, report that such foods 
are not manufactured from diseased animals, but from the scraps of 
meat from healthy animals. 
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As has been shown, the name “Governments” is given to a class of 
hogs, irrespective of form, quality, and condition, that have been tagged 
by a government inspector at the scales. These inspectors are stationed 
only at large packing centers. They are hired by the Government, are 
thoroughly competent men, and do this work without fear or hesitation. 
The inspectors stationed at the smaller packing houses, where inspectors 
are furnished at all, are furnished either privately or by the city. Having 
less work to do, they cannot be paid such large salaries; consequently, 
men with poorer qualifications must be accepted, and there is more 
danger of diseased meat getting to the consumer through this channel 
than through the large packing houses where government inspectors 
are furnished. The Government, up to the present time, has been unable 
to get enough of sufficiently well qualified men to supply all packing 
houses with inspectors. Mca les 

Besides the inspector at the scales, there are in the large packing 
houses three more government inspectors. One is stationed where he 
can feel of the submaxillary and cervical glands as the carcasses of 
hogs pass by him on the rail with the heads partially severed, exposing 
the glands. These glands furnish the best means of detecting tubercu- 
losis, and the carcass of any animal that has the appearance of this 
disease in these glands is tagged and passed on intact, with only the 
intestines taken out. - 

The second inspector is stationed farther down the line at a point 
where he can view the carcass after it has been cut open. Any carcass 
affected with tuberculosis, hog cholera, swine plague, or any other disease 
that may have been accidentally passed by the first inspector, or any 
that is healthy in the above-named glands and diseased in other parts 
of the body, is tagged by this second inspector. These two men must 
necessarily work very rapidly, as the carcasses of hogs pass and must 
be examined by them at the rate of 800 to 1,000 an hour. 

The third inspector is stationed in the cooling rooms and examines 
critically all carcasses that have been tagged by the two former inspec- 
tors. As he examines only the tagged carcasses, he has time to give 
them a thorough examination. All carcasses that he finds so badly 
diseased as to render them unfit for human food are condemned and 
tanked. The carcasses in which the disease is found to be only local- 
ized and in such a manner as not to render the meat of the same unfit 
for use are passed. These then pass into the ordinary channels of con- 
sumption. Many times only parts of the carcass are condemned, while 
the rest is passed as fit for food. 

In most every town throughout the country where there is a meat. 
market there is also a slaughter-house where hogs are killed for home 
consumption. In these there are no inspectors, and the dealers them- 
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selves are not able to diagnose the various diseases, and even if they 
were, the loss would be so great that they would be tempted to be blind 
to anything that would detract from the profits of their busimess. 

There are even small packing-houses in the smaller cities that do 
more than a local business; slaughtering hogs and shipping the prepared 
meats. Many of these have no inspectors, and all there is to prevent 
all animals, both diseased and healthy, finding their way into the retail 
channels, is the intelligence, diligence and honesty of these small packers, 
which it is not always safe implicitly to trust. 

In view of these facts, and considering that all hogs are subject to 
such diseases as hog cholera, swine plague, trichine, and tuberculosis, 
the latter two being especially dangerous to man, it is evident that our 
most wholesome meats are most likely to come from the large packing- 
houses, where are stationed the government inspectors. 


Pen HOLDERS. 


The hogs of this class have no influence on the market; they serve 
their purpose, as their name indicates. 

The stockyards in Chicago, for instance, are owned by the Union 
Stockyards and Transit Co. This firm gets its revenue from the charges 
for yardage of stock, for weighing the stock, for feed consumed by the 
stock, and for terminal switching. The commission men who sell the 
stock as it comes to the yards, and the speculators who handle part of it, 
pay nothing for their privilege of doing business in the yards. They 
hold their respective positions by common consent, and their respective 
pens by keeping hogs in them. These are called pen holders. They 
usually are hogs that are worth the least money, being long legged, 
of poor form, coarse in quality, and much lacking in condition. They 
are kept simply for this one purpose, viz., holding pens. Plate 40, 
page 461. 


DEAD Hoas. 


These are the hogs that have been killed in the cars in transit. They 
are used for the manufacture of grease, soap, and fertilizer. If they 
weigh 100 pounds or over, they sell for 75 cents per hundredweight. 
If they weigh less, they furnish no revenue to the producer or shipper, 
the cost of handling the same being held equal to their value. Plate 41, 
page 462. 

To summarize the percentage number of hogs of the principal classes 
on the Chicago market annually we have the following, which is only 
an approximate estimate, and is subject to considerable variation from 
year to vear: 
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MARKET CLASSES AND GRADES OF SWINE. 


< 
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Butcher hogs, 25 percent of all hogs on the market. 

Packing hogs, 40 percent of all hogs on the market. 

Bacon, 20 percent. 
Light mixed, 55 percent. 
( Licht light, 25 percent. 
Pigs, 10 percent of all hogs on the market. 
Other classes, 10 percent of all hogs on the market. 


Light hogs, 15 percent of all hogs on the { 
market 


CONCLUSIONS. 


1. ‘A thorough understanding of the market classification of hogs 
is very essential to all concerned in the handling of swine. 

2. About two-fifths of the world’s hog supply is produced in the 
United States and about six-sevenths of these are produced in the Mis- 
sissipp1 Valley; hence this section of country has developed the fat or 
lard hog and has set the standard for hogs in other parts of the United 
States. 

3. The fat or lard hog is such because corn has been his principal 
feed and because there has been a demand for pork from such a hog, 
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and he will conform to the present prevailing type just as long as corn 


remains his principal feed. 

4. Classes and sub-classes are divisions into which swine are sepa- 
rated on account of their differences in type, weight, quality, and con- 
dition, and the grades distinguish the superior from the inferior animals 
within the classes and sub-classes. 

5. The terms, “mediums and butchers,’ ‘pigs and _ roughs,” 
“Selected,” ‘‘shipping,”’ “mediums and heavies,” ‘mixed,’ ‘‘Yorkers,”’ 
and ‘dairies,’ are either compound or colloquial terms, and their use 
should be discouraged. } 

6. Butcher hogs are the best hogs from the fat or lard hog stand- 
point that come to market, and should be used as a standard for com- 
parison. 

7. From the bacon market standpoint the English bacon hog is 
the ideal toward which hogs are being developed. 

8. To: the close observer it is apparent that the gradually changing 
conditions brought about by the development of the United States, and the 
increase in the price of corn, resulting from its varied commercial uses, 
cause the hog to be fed a more mixed and usually a more nitrogenous 
ration. This will in the future affect the type of the hog of the United 
States, so that it will more nearly approach that of the English bacon 
hog. 


“"Twere easier to teach twenty men what were good to do than to persuade 
one man to do.”—Modern Shakespere. 
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If the greatest study of mankind is Man, the next greatest 
study is the soil ; for, upon the soil depends the preservation of 
Man. 

- Tf it is true that American agriculture is the fundamental sup- 
port of the American Nation, it is equally true that soil fertility 
is the absolute support of American Agriculture. 

If he who makes two blades of grass grow where but one 
grew before is a public benefactor, then he who reduces the fer- 
tility of the soil so that but one ear of corn grows where two have 
been grown before is a public curse. 


*An address read before the Illinois State Farmers’ Institute at Blooming- 
ton, February 25, 1903, now published as an Experiment Station Circular for 
general distribution among the farmers of Illinois, because it is believed that 
this information will be of value to very many Illinois farmers and land owners. 
More complete data regarding the exact composition and location of all soils 
which have been sampled and analyzed will be published in bulletin form for 
free distribution within a few months. The bulletin will contain a general sur- 
vey soil map of the State printed in colors, which will be much more distinct, 
than the map printed in this circular. 
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The fertility of Illinois soils ought not and need not be re- 
duced ; Illinois land ought never to be reduced below its original 
productive capacity. 

The only system of maintaining soil fertility which I can ad- 
vocate and which can ever safely be adopted as a permanent sys- 
tem must be a system which can be applied to all of the soils of 
this State,—not to a few farms only, or for a few years only, but 
to all the soils of Illinois, and for all time,—yes, even more than 
that,—it should be a system which can be applied to the soils of 
adjoining states,—to Indiana and Ohio,—to Wisconsin and Iowa, — 
in short, to the soils of America. . 

How shall the fertility of the soil be maintained ? We hear 
two very common answers to this question : 

The grain farmer says we must grow clover. 

The live stock farmer says we must put the manure back on 
the land. 

But neither of these answers really answers the question. 

Clover will not maintain the fertility of the soil, and, if all of 
the crops which are grown on the farm are fed on the farm and the 
manure all returned to the land, it will not maintain the fertility 
of the soil, not even if clover is also grown. The only way by 
which the live stock farmer cau maintain the fertility of his soil 
by the use of manure is to feed not only his own crops but his 
neighbors’ crops also, and then put all the manure upon his own 
land. 

This answers the question for a few farmers who are also ex- 
tensive cattle feeders, but it does not answer the question for Illi- 
nois ; it does not answer the question for America ;—we cannot all 
feed our own crops aud our neighbors’ crops also. 

How then shall we maintain the fertility of Illinois soil ? 

There is but one answer to this question, and this answer 
would have saved the fertility of all the soils which have been 
ruined in past ages. It would have saved the soils of Palestine, a 
land which once flowed with milk and honey but is now a barren 
waste. It would have saved the soils of Greece, and of Italy, of 
Northern Europe and of Eastern United States, and itis the only 
answer which will save the soils of Illinois,—and this is the answer: 


Preserve good physical conditions and then put back upon the 
land all of the fertility which is taken off,—not some of it, not 
most of it, but all of it: and not only that which is removed by 
cropping but also that removed by the blowing, washing, or leach- 
ing of the soil. 
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The whole subject of plant food is a simple one. About 95 
per cent. of most agricultural plants consist of the three elements 
carbon, hydrogen, and oxygen, which are obtained from air and 
water. 

Only seven essential elements are furnished by the soil,and four 
of these, calcium, magnesium, iron and sulphur, are used by plants 
in such small amounts and are contained in all ordinary soils, in 
such large amounts that they are practically never exhausted from 
the soil. | 

The productive capacity of practically all soils in good physi- 
cal condition is measured by the available supply of the three ele- 
ments, nitrogen, phosphorus, and potassium. ‘These are the ele- 
ments which are present in nearly all soilsin comparatively small 
amounts and yet are absolutely required by all agricultural plants, 
and in very considerable quantities. 

How shall the fertility of the soil be maintained ? By main- 
taining the supply of nitrogén, phosphorus, and potassium, and 
preserving good physical conditions. How shall the productive 
capacity of a soil be increased? By increasing the supply of that 
element which is most deficient in the soil. 

The live stock farmer understands the value of a balanced 
ration in stock feeding. Let us also bear in mind that plants are 
living things, and that balanced rations are of even greater im- 
portance to them than to animals. Timothy hay and corn-and- 
cob meal have some place in animal feeding, but they do not make 
the best possible balanced ration for young cattle or milk cows, nor 
could you make a balanced ration by adding to them excelsior straw 
and sawdust meal. Likewise a plant which is starving for phos- 
phorus is not benefited by plowing under a crop of green rye or 
even by feeding it more nitrogen or potassium ;*indeed such 
treatment would tend to still further unbalance the soil and might 
even produce an injurious effect upon the plant, as appears to have 
been the case to a slight extent in some experiments (see Table 7, 
(a) 8and (b)7). : 

Special Note. The tables given in this circular have been pre- 
pared with very great care. ‘They may not be very entertaining to 
the careless reader; but to any one who is willing to take some 
time to study them, to compare one with another,—in short to do 
some real thinking along these lines,—to such a one these tables 
contain a large amount of very useful and valuable information 
bearing directly upon the business of farming and the science of 
agriculture. 
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By referring to Table 1, which is self explanatory, one may 
see some of the absolute requirements of different kinds of farm 
produce for the different elements of plant food. 


TABLE I. 


FERTILITY IN FARM PRODUCE. 


(Approximate maximum yields per-acre.) 


Produce. 

Kind. Amount. Shak 
Corn, grain...} 100 bu. 100 
Cotn ‘stover..)@oaal: 48 
Corn crop ...! 148 
Oats, grain ..| 75 bu. 45 
Oat straw.... 2 24 
QGauGcrD pam << 69 
Wheat, grain.!| 40 bu. 46 
Wheat straw. ale 19 
Wheat crop.. 65 
Jaimothys.) 2 2rle 48 
CIOVer rer! Bale 120 
Cowpea hay. 3 Te 140 
Altaitateny. vee oy 400 
AD lect ae. 600 bu. 47 
Leavesman Ail: 59 
Wood growth} 4; tree 6 
Total crop... 112 
Potatoes ....| 300bu. 63 
Sugar beets...) =2071) TOc 
Fat cattle. 7air.000 Ii 25 
Fat hogs ....|1,000 lb. 18 
Milk se ueens 10,000 lb, Oy. 
Butter gece 500 lb. I 


Pounds. Value. 
Phos- | Potas-|}| Nitro Phos- Potas- 
ee sium. gen phorus. sium. 
1 Ig | $15.00 | $ 2.04 | $ 1.14 
6 52 a0 “72 3.12 
23 7a 22.20 476 4.26 
7 9 6.75 .84 54 
4 4o 3.60 .48 2.40 
II 49 10.35 1232 2.94 
6 II 6.90 72 66 
4 34 2.85 48 2.04 
10 45 | 0.75 1.20 270) 
6 47 7a20 ‘72 2.82 
I5 90 18.00 1.80 5.40 
14 95 21.00 1.68 5.70 
elo b) diay 60.00 A. 32 (eee 
2 57 7-95 24 3.42 
7 47 8.85 .84 2.82 
2 5 .gO 24 30 
II 109 16.80 Des 6.54 
13 eye) 9.45 1.56 5.40 
cog) ats 7, 15.00 2.16 9.42 
Wf] I | ey AS 84 06 
5 I 2.70 . 36 06 
7 12 8.55 84 yy 
0.2 : .02 .OI 


er 
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The table is arranged to show the number of pounds of each 
element required by different kinds of produce on the basis of ap- 


proximate maximum yields per acre. 


Of course, proportionate 


amounts would be required for any other yields which one may 
wish to consider, but I think we should be most interested in know- 
ing the amount of plant food required to make maximum yields. 
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The total value of the elements is computed on the basis of the 
present market values,— 

Nitrogen, 15 cents a pound. 
Phosphorus, 12 cents a pound. 
Potassium, 6 cents a pound. 

It should be borne in mind thatthe principal value given is 
for the element nitrogen, which, however, the farmer does not 
need to purchase. The total quantity of phosphorus or potassium 
required by crops could be supplied at very moderate cost. 

I offer the following simple rules for improving soils and feed- 
ing plants: 

Rule 1—If the soil is acid, or sour, apply lime to it to make it 
Sweet. 

Rule 2—If the soil is poor in nitrogen only, grow clover or 
some other legume which has the power to secure nitrogen from 
the air. 

Rule 3—If the soil is poor in phosphorus only, apply bone 
meal or some other form of phosphorus. 

Rule 4—If the soil is poor in potassium only, apply potassium 
chlorid or some other form of potassium. 

Rule 5—Always save and use all the barnyard manure you 
have, and also all you can economically obtain from others, and 
make liberal use of green manures when necessary to maintain the 
supply of organic matter in the soil. 

In connection with these five rules for improving soils and 
feeding plants, I offer the following suggestions : 


1. REGARDING LIME. 


Lime is the only material which we can use for correcting the 
acidity of soils. It may be used in several forms: (1) fresh 
burned quicklime, which is calcium oxid, a compound of the ele- 
ments calcium and oxygen; (2) fresh slacked lime, which is cal- 
cium hydroxid, a compound of quicklime and water; (3) old air- 
slacked lime, which is calcium carbonate, a compound of quick- 
lime and the carbon dioxid from the air; (4) fine ground limestone, 
which also is calcium carbonate, exactly the same as old air slacked 
lime; (5) marl, which also contains calcium carbonate, the same 
as limestone. 

Any of these five different forms of lime may be used to cor- 
rect the sourness, or acidity, of soils, and after the acidity of a soil 
is once corrected, probably half a ton of lime per acre once in five 
years will be enough to keep the soilsweet. From the knowledge 
which we have thus far obtained, we believe that old air-slacked 
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lime, fine ground limestone, and marl are the most economical 
forms of lime to use. 

Fresh burned lime (quicklime) can be delivered in bulk at 
almost any point in Illinois for $5.00 a ton in carload lots. 

Slacked lime can be bought from J. B. Speed & Company, 
Louisville. Kentucky, in 100-pound bags, on board cars at their 
works at Milltown, Indiana, for $2.50 a ton, if the empty bags are 
returned in good condition. The freight.rate is $1.00 to $1.20 per 
ton in carload lots to such points as Centralia, Olney, Salem, and 
Odin. 

Old air-slacked refuse lime can frequently be found in large 
quantities lying about the lime kilns in different parts of the 
State. It often contains some cinders and some lumps of stone 
which could be easily screened out. I believe lime companies 
could screen this material and place it on the cars for about 50 
cents a ton, provided they could sell large quantities of it. 

Fine ground limestone is now offered for sale by the Crystal 
Carbonate Lime Company, of Elsberry, Missouri, for $1 per ton in 
bulk loaded on the cars at Elsberry. The special freight rate on 
this material to some points in Central Illinois (Springfield and 
Peoria) is $0.80 to $1.00 a ton, in car load lots. .The Mitchell Lime 
Company, Mitchell, Indiana, have quoted fine ground limestone 
delivered at Odin, Centralia, Mt. Vernon, etc., for $2.70 per ton in 
bulk in car load lots. A plant for grinding limestone to a fine 
powder can be erected ata cost of less than $8,000; and, with the 
abundance of excellent limestone in different parts of Lllinois, 
there is no reason why we should not have fine ground limestone 
delivered at any point in Illinois at very moderate cost. 

Although our absolute knowledge upon the subject is still 
meager, my opinion is that fresh burned lime or fresh slacked lime 
will not prove to be the best form of limes to use, partly because 
they evidently have a tendency to attack and destroy the organic 
matter of the soil or ‘‘burn the land”, as some say, and partly be- 
cause the natural products (as ground limestone) are less disagree- 
able to handle. In power to neutralize acids, 56 pounds of quick- 
lime would be equivalent to 74 pounds of fresh slacked lime and to 
100 pounds of ground limestone, provided that all materials were 
perfectly dry and pure, and further provided that the full force 
were exerted in neutralizing soil acids, which is certainly the case 
with ground limestone, while with fresh burned lime (quicklime) 
and fresh slacked lime the force or power is evidently partly used 
up in destroying organic matter, although the destruction of or- 
ganic matter cannot be very large. As stated before, any of these 
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forms of lime may well be used, but with quicklime at $5.00 a ton, 
fresh slacked lime at $3.70 a ton, and lime carbonate (ground lime- 
stone) at $2.80 at ton, I would prefer to use the ground limestone. 

As a rule, raw products are cheaper than manfactured goods, 
and let us bear in mind that the lime naturally in the soil is 
in the form of ground Jimestone; and I may add that the phos- 
phates and potash salts naturally in the soil are also in the form 
of pulverized or finely divided rock, more or less decomposed by 


natural agencies. 
2. REGARDING NITROGEN. 


If any question pertaining to the science and practice or agri- 
culture is settled, it is this, that the atmosphere is the most eco- 
nomical source of nitrogen for all general farming; but let me ask 
you to bear in mind: (1) that neither clover nor alfalfa nor cow 
peas nor soy beans nor any other leguminous crop is able of itself 
to secure nitrogen from the air, but that each different legume 
must be provided with the particular species of bacteria which has 
the power to live upon its roots and to gather atmospheric nitrogen 
for its use: (2) that these nitrogen-gathering bacteria will not live 
in strongly acid soils and will not properly develop in any soil 
which needs lime: (3) that lezuminous crops do not live upon 
nitrogen alone, but that they must have both phosphorus and po- 
tassium, although deep rooting legumes, like alfalfa, when once 
well started are usually able to obtain large supplies of those ele- 
ments from the lower subsoil. 
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3. REGARDING PHOSPHORUS. 

So far as I have discovered, iu all other things Illinois farm- 
ers are intelligent, reasonable, progressive, consistent, and un- 
prejudiced; but, regarding the use and value of that element of 
fertility which limits the productive capacity of a large proportion 
of Illinois soils, I am compelled to say that Illinois farmers, as a 
rule, are inconsistent, if not actually prejudiced. 

Phosphorus is the one element of fertility above all others 
which has a high absolute and permanent value to Illinois farmers. 

Nitrogen is free as air and potassium is abundant in nearly all 
of the soils of the State and both nitrogen and potassium remain 
in the straw and corn stalks and in the farm manures to a consid- 
erable extent. Phosphorus, on the contrary, is present in nearly all 
soils in limited amounts and itis being continually removed from 
the land both by grain farming and live stock farming, although 
two or three times faster by grain farming than by the live stock 
system of farming. Thesin of the live stock farmer is the same 
as that of the grain farmer; the only difference is in degree. As 
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a rule, the sins of the grain farmer will fall upon his own head, 
while the sins of-the live stock farmer will fall more heavily upon 
his children. 

The phosphorus which is taken from the soil by plants is 
largely stored in the seed or grain and thus the grain farmer sells 
it from the farm. If the grain is fed to animals, from one-third to 
one-half of the phosphorus is stored in the animals’ bones and thus 
the live stock farmer sells it from the farm, 


I have talked with many Illinois farmers about using bone 
meal on their soil and not infrequently some one looks at me as 
though I were a traitor to the cause of better agriculture in I1li- 
nois and he says, ‘‘Then you advocate the use of commercial 
fertilizers.” 

Is it not a shame to call bone meal a commercial fertilizer? 
Pure bone meal is not a commercial fertilizer in the ordinary sense; 
it is not a manufactured article; it is a farm product, and any 
method of reasoning which justifies the use of farm yard manures 
will justify the use of bone meal upon the land from which it came. 


In this connection let me say that Ido not advocate the use 
of highly manufactured commercial fertilizers upon Illinois soils, 
not even the indiscriminate use of mixed fertilizers; and from 
what information we now have I strongly advise against the use 
of any acidulated fertilizers, such as ‘‘dissolved” bone, acidulated 
bone meal, acid phosphates, superphosphates, or any other ferti- 
lizers which have been treated with sulphuric acid, or oil of vitrol. 
Of course, I am aware that these acidulated phosphates are readily 
available and may give quick returns and some profit, but'l am 
also convinced that they are too expensive and that, asa rule, their 
continued use works no permanent good to the land. ‘The opin- 
ion held by many eastern farmers that they ultimately injure or 
‘‘burn” the land is evidently not without some foundation; and I 
fear that the acid soils of Illinois would not be permanently bene- 
fited by the use of acid phosphates. On the other hand, when acid 
phosphates are used with lime or applied to soils which naturally 
contain an excess of lime, the soluble phosphate reacts with the 
lime and quickly reverts to a form which is no more readily avail- 
able than some non-acidulated phosphates. | 


I believe there are only three forms of phosphorus which 
should be considered for use on Illinois soils: 
1. Fine ground bone meal. 


2. Fine ground rock phosphate. 
3. Fine ground'slag phosphate. 
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I prefer steamed bone meal to raw bone meal, partly because 
the steamed bone meal acts more quickly in the soil, and partly 
because, for its phosphorus content, the steamed bone is cheaper. 
The nitrogen contained in the raw bones is charged for at about 
15 cents a pound, but by steaming the bones the nitrogen is large- 
ly removed in the form of glue, and the steamed bone is then sold 
almost wholly for its phosphorus content. Even steamed bone 
meal still contains some nitrogen, which is of course no objection 
to its use although it adds but very little to its real value for the 
ordinary farmer, as he can obtain nitrogen from the atmosphere at 
very small cost, by proper use of leguminous crops, if his soil is in 
suitable condition. Bone meal should be bought only on the basis 
of its phosphorus content. 

The best steamed bone meal contains about 12 to per 13 cent. of 
phosphorus, which at 12 cents a pound would give ita value of $30 
per ton. It can usually be bought from fertilizer dealers in Chi- 
cago (as Nelson Morris & Company, Armour Fertilizer Works, 
or Swift & Company) for about $28 a ton, in 200-pound bags, 
delivered at points in Illinois. Somewhat poorer grades are sold 
at lower prices. (Phosphorus is commonly sold under the name of 
phosphoric acid, by which is meant a compound of phosphorus and 
oxygen containing 43% per cent. of the element phosphorus. Con- 
sequently, if phosphorus is worth 12 cents a pound, this compound, 
‘‘phosphoric acid” is worth about 5 cents a pound.) 

Fine ground rock phosphate, containing 12 to13 per cent, of 
phosphorus, can be bought from Robin Jones of Nashville, Tennes- 
see, (and probably from other dealers) for $4 a ton in bulk (or $4.40 
in bags),-on board the cars at the mines, and the freight rate now 
in effect from the mines in Tennessee to Chicago is $3 22 per ton 
of 2000 pounds. Thus, this material can be delivered in Illinois 
for $7 or $8 a ton. Asitis just as rich in phosphorus as good 
steamed bone meal, the phosphorus in the rock would cost only 3 
cents a pound. In other words, the 17 pounds of phosphorus con- 
tained in 100 bushels of corn would cost $2.04 if bought in the 
form of bone meal,while it would cost only 51 cents if bought in 
rock phosphate. In bone meal the phosphorus fora bushel of corn 
costs 2 cents;in rock phosphate it costs % cent. In either case 
the cost is small as compared with the total cost of the corn crop. 


If we buy the land and plow the ground, prepare the seed bed, 
plant the seed, cultivate the corn, and harvest the crop, why not 
give some consideration to feeding the plant, especially when the 
cost of all the farm operations in growing the corn crop is just the 
same whether we grow 37 bushels, or a hundred bushels, to the 
acre. 
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It seems very probable that the phosphorus in the rock phos- 
phate will be less readily available than in the bone meal, but, if 
four or five times as much rock phosphate is used, its effect will 
probably be observed just as soon and it will certainly be much 
more lasting than the effect of the bone meal. 

Slag phosphateis simply the finely ground slag produced in 
the manufacture of steel from iron made from ores which are rich 
in phosphorus. The best slag contains about 8 per cent. of phos- 
phorus and it also contains some excess of lime which is added to 
the converter in which the iron is converted into steel. The 
amount of lime which the slag phosphate contains would probably 
add somewhat to its value for use on Illinois soils, many of which 
are already in need of lime; but at the present time no slag phos- 
phate is produced in this part of the country, the iron ores used by 
the Illinois Steel Works being very poor in phosphorus. Consider- 
able quantities of slag phosphate are produced in Pennsylvania, 
and are being used on the soils of the Kastern States. Slag phos- 
phate can be obtained from Jacob Reese, Pottstown, Pennsylvania. 


The phosphorus fertilizers which are commonly used in the 
United States are the most expensive kinds obtainable. They are 
highly manufactured articles. ‘This is largely due to the fact that 
most farmers who use fertilizers demand a kind which can be ap- 
plied when the seed is sown and then be completely available for 
use of that crop. They may spend a dollar to save ten cents’ worth 
of time and interest, and at the end of the year leave the land in 
worse condition than they found it at the beginning. Of course, 
the manufacturer caters to this demand. For example, he takes 
one ton of rock phosphate worth $4, adds to it one ton of sulfuric 
acid (oil of vitrol) worth $12, and he then hastwo tons of an acid 
phosphate which sells in Illinois for about $18 a ton, or $36 for the 
two tons of product containing no more phosphorus than is contained 
in one ton of the original rock phosphate which could be delivered in 
Illinois for about $7, or for one-fifth of the cost of the manufactured 
product. Of course the manufacturer must have pay for handling 
the sulfuric acid, for mixing it with the rock, and for bags and 
freight for two tons of material which he is compelled to’ handle. 


If it is true that the farmers of the eastern and southern states 
can use this high-priced acid phosphate in a hand-to-mouth way, 
buying more or less nitrogen and potassium at the same time, and 
still make some profit on lands which are poorer than Illinois soils 
in all other elements than phosphorus, it is certainly highly prob- 
able that Illinois farmers could profitably supplement their farm 
manure and clover fertilizers with steamed bone meal, or natural 
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rock phosphate, neither of which can ever injure the soil in the 
least; and thus by applying large amounts of low-priced phospho- 
rus fertilizers they would cause the productive capacity of the land 
to gradually increase instead of allowing it to slowly decrease, as 
under the present system of farming. 


4. REGARDING POTASSIUM, 


If a soil is rich io all elements of plant food except potassium, 
that element can be supplied with marked profit, either in the 
form of potassium chlorid (commonly but incorrectly called ‘‘mur- 
iate of potash’) or potassium sulfate or kainit. The potassium 
chlorid contains about 42 per cent. of the element potassium, and 
sells at about $50 a ton in Chicago. The potassium sulfate 
contains about 40 per cent. of potassium, but it sells for about $55 
a ton, the sulfate being somewhat more agreeable to handle than 
the chlorid and it is also preferred for use with some particular 
crops not grown inthis State. Kainit is a crude potash mineral 
containing about 10 per cent. of potassium. It sells for about $16 a 
ton. It will be seen that potassium chlorid is somewhat the cheap- 
est form of the element potassium, although kainit gives very good 
results and is very largely used where potassium is the only ele- 
ment required. (Potassium is usually sold under the name of pot- 
ash, a compound of potassium and oxygen containing 83 per cent. 
of the element potassium. If the element is worth 6 cents a 
pound, the compound called potash is worth about 5 cents. ) 


5. REGARDING Farm MANURE. 


Manure is a complete fertilizer; that is, it contains some of all 
of the elements of fertility; but manure is not a well balanced fer- 
tilizer, because it contains too little phosphorus, much of the phos- 
phorus being retained in the bones of the animals, while the bed- 
ding or litter is usually poor in that element (see Table 2 for 
phosphorus content of straw and corn stalks). Manure does con- 
tain a small amount of phosphorus, but it is much more valuable 
for the potassium and nitrogen which it contains and also for the 
humus, or organic matter, which it adds to the soil, and sometimes 
for the soil bacteria which it also supplies to the land. Farm man- 
ure always has been, and without doubt always will be, one of the 
principal materials used in maintaining the fertility of Illinois 
soils; but, as a rule, it is not well balanced and there are some 
things which it cannot do. For example, it cannot correct an acid 
soil and it cannot maintain the supply of phosphorus in the soil 
unless much more manure is used on a given farm than can be 
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made from the crops produced on that farm alone. (At the full 
market price for phosphorus, 12 cents a pound, a ton of fresh ma- 
nure is worth about 24 cents for its phosphorus content.) As a 
very general rule, farm manure should not be replaced in main- 
taining or increasing the fertility of the soil, but if necessary it 
should be supplemented,—by lime and by some form of phospho- 
rus, as bone meal or rock phosphate. On some fewsoils, however, 
such as peaty lands, the use of farm manure may well be en- 
tirely replaced by the use of potassium fertilizers, as will be shown 
later. (See Table 6—peaty swamp soil.) Peaty soils contain an 
abundance of both nitrogen and humus, the two constituents for 
which manure is most valued. Manure is most useful on soils 
which are deficient in humus, upon the supply of which the soil is 
largely dependent for its capacity to absorb and retain moisture 
and thus to resist drouth. Asa source of humus, however, manure 
may well be supplemented, and if necessary, entirely replaced by 
any other organic matter, including green manure crops, although, 
if heavy crops of green manures are added to the soil, care must 
be taken that the soil contains sufficient lime to keep it sweet, as 


TABLE 2. FERTILITY IN MANURE, ROUGH FEEDS, AND FERTILIZERS. 


Pounds per ton. Value per ton. 

Name of material. : 

Nitro- | Phos- | Potas- || Nitro- | Phos- | Potas- , Total 

gen. /phorus.| sium. gen. (phorus. | sium. | value. 
Fresh farm manure 10 z fe) $1.50|)$ .24 | So eOCueee mae 
COTE StOVEL annie ni 16 2 17 2.40 24 1,02 3.66 
AA CHSITAWame ee I2 2 20 1.80 24 1,20 3.26 
Wheat straw... ' 10 2 U7 1.50 yon I .02 2276 
(lover hayes! 40 5 30 6.00 .60 1.80 8.40 
Cow pealhayine. 43 5 33 © 6.45 .60 1.98 9.03 
Alfalia say sence a 50 ved 24 7.50 .48 1/44 9.42 
Dried bloods ee aan. 280 42.00 42.00 
NOCIUMnitlateres.. 10 46.50 46.50 
Ammonium sulfate.| 400 60.00 60.00 
Raw bone meal..... 80 180 12-00) peo Te od 33.60 
Steamed bone meal} 20 250 25001 30-00 33.00 
Acidulat’dbone meal 40 140 6.00] 16.80 22.80 
Slag phosphate..... 160 19.20 19.20 
Rock phosphate.... 250 30.? 30.? 
Acid phosphate..... 125 15.00 15.00 
Potassium chlorid... 840 50.40] 50.40 
(muriate of potash.) 
Potassium sulfate... 800 48.00! 48.00 
(sulphate of potash.) 
Kainities ft sdenan 200 12.00.) > %12,.@0 
Wood ashes!........ 10 100 1.20 6.00 7.20 


(unbleached) 


1.. Wood ashes also contain about 1000 pounds of lime carbonate per ton. 
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considerable acidity is produced by the decomposition of the fresh 
organic matter. 

Table 2 gives the average quantities in pounds per ton of the 
different valuable elements of plant food contained in ordinary 
manure, in litter and rough feeds, and in some fertilizers. 

It will be observed that a ton of the best steamed bone meal 
or a ton of the richest rock phosphate contains about 125 times 
as much phosphorus as a ton of fresh manure; while a ton of potas- 
sium chlorid, 80 per cent. pure, as commonly sold on the market, 
under the name of ‘‘muriate of potash”, contains about 84 times as 
much potassium as a ton of manure. 

By referring to Table 1 and Table 2, it will be seen that about 
two tons of fresh manure would furnish as much potassium as 100 
bushels of corn would remove from the soil, while the 100 bush- 
els of corn would remove 4 times as much phosphorus and 5 times 
as much nitrogen as the two tons of manure would furnish. Thus 
for our common system of harvesting corn (leaving the stalks in 
the field) jwe have the problem in pounds of fertility as follows: 


POUNDS OF FERTILITY. 


Nitrogen. |Phosphorus.| Potassium. 
100 bushels corn contain ...... 100k S| 17 19 
2 tons farm manure contain.... 20 4 20 
Differencess....... 80 13 
100 pounds bone meal to bal- 
ARCS. yl eh ein Vepe asia cot 13 
Balance still due.. 80 


Of course the balance of nitrogen can be most economically 
supplied by the growing of leguminous crops, but unless one has 
unlimited quantities of manure he will find it a wise and profitable 
practice on soils needing phosphorus to balance his ration for corn 
by applying bone meal or rock phosphate with his manure and 
clover fertilizer. The Ohio Experiment Station has shown that 
the value of manure is increased 30 per cent. by adding to it a 
small amount of fine ground rock phosphate, even after paying the 
cost of the rock phosphate; and this value has been measured in 
actual increase in crop yields. 

The rock phosphate or bone meal can be mixed with the man- 
ure as it is made, using about one pound for each animal per day 
or it can be spread on the field with the manure, preferably per- 
haps with a manure spreader; or it can be sowed by itself with 
an end gate seeder. 

As already stated the fertility of the soil can be maintained or 
even increased by the use of farm manures alone, but much more 
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manure will be required than can be produced from the crops grown 
on the farm. In the famous experiments which have been con- 
ducted for more than sixty years at Rothamsted, England, the 
average yield of wheat hasbeen maintained, by use of farm manures 
alone, at more than thirty bushels of wheat per acre. But how 
has this been done? By applying 14 tons per acre of good barn 
yard manure every year. But who can make 14 tons of good 
manure from the refuse left from a 30-bushel crop of wheat? 

It is an easy thing, and usually it is a popular thing, to say 
that farm manure and legumes are the only fertilizers you need to 
use, and that the purchase of any other fertilizer is a waste of 
money; but I would indeed be a traitor to Illinois Agriculture if I 
allowed myself to spread abroad this popular opinion. 

I know and you know, that even the average Illinois live stock 
farmer not only does not and cannot apply 14 tons of manure per 
acre every year, but asa rule he cannot make an application of 
eight tons of manure per acre more than once in four years; while 
as a matter of fact what he actually does do is usually to scatter 
the manure over a few thin places near the barn and give the re- 
mainder of his farm an occasional ‘‘ rest” by pasturing. 

Whenever you can make two minus one equal two, then you 
can maintain the fertility of the soil without putting back as much 
plant food as is taken off. The merchant buys and sells and buys 
again, but the farmer usually sells and sells and sells, until he is 
practically ‘‘sold out.” Then he “goes West,” and with him 
‘‘Westward the course of Empire takes its way.” Is not this 
the history of the civilized world? 


Tur APPLICATION OF MINERAL FERTILIZERS. 


There is one general rule to be observed in the application of 
fertilizers; namely, thoroughly mix them with the soil. Apply 
them uniformly and make them a part of the soil itself,—by disk- 
ing, dragging, plowing, harrowing, cultivating,—any way to get 
them thoroughly incorporated with the soil. At least one year’s 
time will usually be required to fully produce this effect. 

I am often asked if it is a good plan to apply the fertilizer in 
the hill with corn. This is very poor practice. The effiect of 
such an application is usually to over stimulate the early growth of 
the corn, meanwhile the roots do not properly develop and spread 
through the soil in proportion to the growth above ground, and 
consequently when the drier season comes on and earing time ap- 
proaches, the corn fertilized in the hill suffers more than the un- 
fertilized corn and frequently produces a smaller yield of ears at 
harvest time. 
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People sometimes ask when is the best time to apply fertil- 
izers. I think almost any time will do well, if it is about a year 
before you expect marked results. Fertilizers may well be applied 
whenever you can get on the land and are not too busy with 
other work. Probably as good a practice as any is to apply them 
in the fall or spring and then cultivate the land in corn and follow 
the next year with oats and clover. The effect should be apparent 
on the clover and it should be marked on a succeeding corn crop. 


Heavy applications; that is, from 600 or 800 pounds to one or 
two tons per acre, may well be applied broadcast as uniformly as 
possible with a shovel or preferably with a manure spreader, by put- 
ting in the box a uniform layer of the material, which may well be 
applied with the manure. Lighter applications may be made with 
an end-gate seeder or witha fertilizer drill. For lime or heavy 
applications of rock phosphate, I would advise using the manure 
spreader; for bone meal or potash salts, or moderate applications 
of rock phosphate (300 to 600 pounds), use the end gate seeder, 
or fertilizer drill, or even a good force-feed grain drill. In case 
both phosphorus and potash salt need to be applied to the soil, 
which is rarely the case, a force-feed grain drill with fertilizer 
attachment is probably the best implement to use, running the bone 
meal or rock phosphate through the grain box and the potash salt 
through the fertilizer box. 

On all our soil experiment fields in different sections of III- 
inois we are using fertilizer disk drills made by the Superior Drill 
Company, of Springfield, Ohio. This implement not only applies 
two kinds of fertilizers at once, but it applies each of them at any 
rate desired and with perfect uniformity; and, at the same time, it 
cultivates the soil by disking. It enables the farmer to use raw 
materials instead of ready mixed fertilizers and thus saves the cost 
of mixing by the fertilizer manufacturer, which usually amounts 
from $4 to $8 per ton. If only one element of plant food needs to be 
applied, as is usually the case, the grain box may be used at the 
same time, (as in sowing wheat or oats), and, of course, grass or 
clover seed may be sowed through the grass seeder attachment if 
desired. Somewhat similar implements are manufactured by other 
companies. ‘The end-gate seeder is also very satisfactory. 


Table 3 shows the results of experiments which have been con- 
ducted by the Ohio Experiment Station and the Maryland Experi- 
ment Station, with several different forms of phosphorus which I 
believe could profitably be used on some Illinois soils. 

The soil experiments carried on during the past twelve years 
by the Ohio Experiment Station, under the management of Direc- 
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TABLE 3 (A)-OHIO SOIL EXPERIMENTS. 


AVERAGE OF RESULTS FROM WOOSTER AND STRONGSVILLE FIELDS. 


(Increase only-—bushels per acre.) 


Plot Form of phosphorus Crop | ist year |2nd year | 3rd year 

No. (with nitrogen and potassium.) grown. |Increase. | increase.| increase. 
26 Bone meal Corn 2.42 4.16 6.46 
2 Slag phosphate Corn 3.51 9.32 13.19 
30 Tankage Corn 3.89 14.44 10.38 
sah Average | 208% 9.31 10.01 
26 Bone Meal Oats 6.44 9.45 14.57 
29 Slag phosphate Oats | 5.74 7.98 18.67 
30 Tankage _ Oats 3.71 712 10.93 
Average | 5.29 8.18 | yk} 
26 Bone meal Wheat Dart 8.24 8.05 
29 Slag phosphate Wheat 2yet 11732 8.43 
30 Tankage Wheat .66 9.94 4.69 
Average 1.33 9.84 7.06 


(B)—-MARYLAND SOIL EXPERIMENTS. 


(Increase only,— bushels per acre.) 


Plot Form of phosphorus Increase, corn. Wheat. 
No (with legume and potassium) 1895 1896 1897 1899 
8 Raw bone meal AO) 4.4 Ions 13.8 
9 Slag phosphate 1.0 3.5 9.0 14.1 
Ths Ground S. C. rock phosphate 340 G2 1a Gul 
12 Florida soft rock phosphate 4.6 yy he / Tort 

| Average £3 5. 11.6 11.8 


tor C. E. Thorne, are probably the most valuable series of soil in- 
vestigations by plot experiments which have been conducted in 
America. In my judgement the value of these experiments to 
American agriculture is second only to that of the original and 
now world-renowned investigations of Lawes and Gilbert, which 
have been in progress during the past sixty years at Rothamsted, 
England. The Ohio experiments are of especial value to Illinois 
agriculture, because they have been conducted on soils which in 
many respects are similar to Illinois soils. 

All of the experiments reported in Table 3 show that th: full 
effect of these fertilizers is not produced till the second or third 
year, and the limit of increase may even then be due to an insuffi- 
cient supply of nitrogen. In the Ohio experiments a five-year ro- 
tation of corn, oats, wheat, clover, and timothy was practiced, and 
75 pounds of commercial nitrogen were added; but other experi- 
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ments in the series (not shown here) prove that still heavier appli- 
cations of nitrogen further increased the yield, thus indicating 
that a more liberal use could well have been made of legumi- 
nous crops or farm manure. In the Maryland experiments the en- 
tire supply of nitrogen, aside from the nitrogen in the soil, was 
furnished by crimson clover grown in the corn as a ‘‘catch” or 
companion crop; and it is not improbable that the applications of 
phosphorus would have produced a much larger increase if a more 
abundant supply of nitrogen had been provided. 

After ten years of investigations, Director Thorne reports that 
slag phosphate gives better results on Ohio soils than any acidu- 
lated phosphate. Untreated rock phosphate was not used in the 
regular series of Ohio experiments, but it has been used fora 
shorter time in connection with farm manure, and as stated above 
its use has increased the value of the farm manure 30 per cent. 
after paying the total cost of the rock phosphate. It is certainly 
of much interest to observe that in the Maryland experiments the 
effect of the untreated rock phosphate from South Carolina and 
from Florida compared very favorably with that of the slag phos- 
phate. About 500 pounds of ground rock phosphate per acre were 
applied each year. . 

All of these experiments strongly indicate that fine ground 
rock phosphate, as well as bone meal, will be a valuable form of 
phosphorus for Illinois soils. 

We already have soil experiments in progress in Illinois to de- 
termine positively the value of the different forms of lime and of 
phosphorus on different soils in the State, but you will bear in 
mind that it is only 20 months since the first appropriation 
was made for investigating the soils of this State and, of course, 
our results from field experiments are very meager. 

Table 4 is believed to show approximately the composition of 
the principal types of soil in each of the different large soil areas 
in the State, as shown in the accompanying general survey soil 
map of Illinois, and briefly described on the following pages. 

It should be understood that the divisions shown on the map 
are not soil types but soil areas, based largely upon the original 
formation of the soil, and that the composition given and the des- 
cription and discussion which follow apply only to the principal 
type of soil found in each area. (In the detail soil survey which 
has already been begun by the Illinois Experiment Station, with 
the codperation of the United States Government, every type of 
soil, even down to 10-acre fields, is being mapped and analyzed. ) 
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EXPLANATION OF Map. 


According to geological investigation there have been three 
different times when glaciers, or ice sheets, have covered more or 
less of the State of Illinois, in consequence of which nearly all of 
the surface of the State is covered by soils of glacial formation. 
The first glacier covered all of Illinois as far south as the Ozark 
Spurs, excepting a part of what is now called Calhoun County and 
a small area in the northwest corner of the State. The area where 
the drift, or debris, left from this first glacier still remains the 
surface is called the Illinoisan Glaciation. For our purpose in 
soil investigation we divide this Illinoisan Glaciation into three 
areas, because of the marked difference in the agricultural values 
and properties of the soil, These three areas we call the lower 
Illinoisan Glaciation, the Middle Illinoisan Glaciation, and the 
Upper Illinoisan Glaciation, each of which will be more fully de- 
scribed later. 

The second glacier covered only three or four tiers of counties 
from the north line of the State, but the area did not include the 
extreme northwest corner of the State. Where the drift from this 
second glacier is now the surface, it is termed the lowan Glaciation. 

The third and last glacier covered approximately the northeast 
one-quarter part of the State and this area is called the Wisconsin 
Glaciation. 

According to the formation we have about ten large soil areas 
in the state, although each of these areas may contain several dif- 
ferent types of soil: 

1. Unglaciated Area——Chiefly in seven southern counties. 

2. Wllinoisan Moraines—Chiefly ridges near Kaskaskia river. 

3. Lower Iilinoisan Glaciation—Chiefly between Wabash and 
Kaskaskia rivers. 

4. Middle Illinoisan Glaciation—-Chiefly between Kaskaskia 
and Illinois rivers. 

5. Upper Ilinoisan Glaciation— Chiefly between Illinois and 
Mississippi rivers. 

6. Iowan Glaciation--Chiefly in Stephenson, Winnebago, 
Boone, Carroll and Ogle counties. 


7. Wisconsin Moraines—-Chiefly broad ridges and rolling 
prairie in northeast quarter part of the State. 


8. Wisconsin Glaciation—-Chiefly level prairie in northeast 
quarter part of the State. 

9. Loess Soils—Chiefly narrow strips of upland (5 to 15 miles 
wide) along Mississippi, Illinois and Wabash rivers. 

10. Sand, swampareas, and bottom lands, scattered over the 
State. 
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TABLE 4.—FERTILITY IN ILLINOIS SURFACE SOILS, 


Pounds per acre,—tentative data. 


Tet Principal type of soil in | Nitrogen |Phosphorus} Potassium ae 

the area. hab ZS basy! (in 7 in.) (in 7 in.) (in 15 in.) 

1 )\Unelactated nileiee soe... 1,000 1,000 5,600 goo 
3° (Lower dil. Gla, prairie: /.: 2,800 600 ' 4,200 2,400 
4 |Middle Ill. Gla. prairie.... 5,000 1,000 8,400 200 
52) (Upper iilGia. praitiess... 5,400 1,400 5,600 150 
6  |Iowan Glaciation prairie... 4,300 1,100 7 AOE e 300 
7 Wisconsin Moraine soil... 5,000 1,200 7,400 200 
8 Wisconsin Gla. prairie.... 6,200 1,600 8,800 (ele) 
Gs + }LOesseS0lLy Olde aes. ae ase 1,800 800 5.600 300 
10:(R) DANG SOllava era coats eee I,100 300 2,400 300 
1O{b)iPeaty Solis. whee eee 67,000 2,000 1,200 600 
Av Uns. tettile-soile 5,600 | 2,000 6,600 (ele) 
German fertile soil........ 6,000 | 2,000 4,000 fee) 

Ohio soil, Strongsville, O.. 4,400 | 1,400 3,200 (?) 


en 


NoTe.—The degree of acidity in the respective subsoils of the above named 
types of soil is as follows, by number: 

Subsoil of No. 1 is strongly acid; No.3 is very strongly acid; No. 4 is not acid; 
No. 5 is not acid; No. 6 is moderately acid; No. 7 is not acid; No. 8 not acid and 
usually contains plenty of lime carbonate; No.9 is slightly acid; No. 10(a) is 
slightly acid; No. 10(b) is sometimes acid, but usually not acid, and frequently 
contains much lime carbonate, even in the surface soil. 


It should be stated that several of these averages are based 
upon the analyses of a very few samples of soil (which however are 
believed to be truly representative of the type.) Consequently these 
averages should be considered as tentative and subject to revision 
upon the accumulation of additional data. The data given for the 
‘‘ Average United States fertile soil” are the average of six aver- 
ages each of which represents as nearly as can be ascertained the 
average composition of the fertile soils of a state. These six states 
include Colorado, North Dakota, Minnesota, Michigan, Ohio, and 
Massachusetts, and the general average here given really repre- 
sents several hundred separate analyses. These figures are also 
tentative and subject to revision as more data accumulate regard- 
ing the composition of the normal fertile soils of America, but this 
average is probably the best American standard we now have as to 
what is, and should be, the composition of a soil which needs no 
fertilizer of any kind to enable it to produce maximum crops. 
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The data given for the ‘‘German fertile soil” were recently 
furnished by Professor F. Wohltmann, Director of the Institute for 
Soil and Plant Investigations, connected with the Agricultural 
Academy of Bonn-Poppelsdorf, Germany. These numbers repre- 
sent the standard which Professor Wohltmann has adopted for the 
composition of a soil which needs no fertilizer of any kind. It is 
interesting to observe that these two ‘‘ standards” which were ob- 
tained from entirely separate and independent sources are so nearly 
alike. The amount of phosphorus is exactly the same in each 
‘*standard,” and it is somewhat surprising that Professor Snyder 
reported several years ago this same amount for the average phos- 
phorus content of 200 fertile soils of Minnesota. 


Probably we cannot do better at the present time than to adopt 
the German standard and consider that a normal fertile soil should 
contain 6,000 pounds of nitrogen, 2,000 pounds of phosphorus, and 
4,000 pounds of potassium per acre, in the surface soil to a depth 
of 7 inches. And certainly no lime should be required to a depth 
of 15 inches. 


In adopting this standard we must also assume that the soil is 
in good physical condition and that it is normal in other respects; 
namely, that with increasing depth, the nitrogen decreases rapidly, 
the phosphorus decreases slowly, and the potassium and lime 
slowly increase in amount, which are the actual conditions in 
nearly all normal soils. Furthermore,we should bear in mind, this 
“standard” applies more particularly to grasses and cereal grain 
crops. For legumes the soil need not furnish any nitrogen, if it 
is properly provided with phosphorus, potassium, lime, and suita- 
ble bacteria. On the other hand, for potatoes, root crops, fleshy 
fruits, etc., the potassium content should probably be much higher 
than that given in the ‘‘standard.” 

There are two methods by which we can obtain some idea of 
the possible productive capacity of soils from a knowledge of their 
composition: First, by estimating the amounts of plant food 
which are likely to become available to the crops each year and 
comparing these amounts with the amounts actually required for 


the production of crops. Second, by comparing the soil with some 
standard, or normal, fertile soil. 


(1). By the first method we may assume, for example, that 
about one per cent. of the total stock of phosphorus and potassium 
and two per cent. of the nitrogen contained in the surface soil may 
become available for the use of plants each year. By pointing off 
two decimal places in Table 4, and multiplying the nitrogen by 


22 


two, we then have the numbers which represent these percentages 
of plant food in the soils (See Table 5). If this assumption were 
correct then the black prairie soil of the Wisconsin Glaciation 
would give up 16 pounds of phosphorus, or as much as is contained - 
in 94 bushels of corn; while the white clay soil of the Lower Illi- 
noisan Glaciation would give up 6 pounds of phosphorus, or enough 
for 35 bushels of corn. Of course, this is at best only an approxi- 
mation, but nevertheless it serves to illustrate with some degree of 
accuracy an absolute fact; namely, that, at the most, it is only a 
small percentage of the total stock of fertility that becomes avail- 
able to crops during any one season. This percentage will cer- 
tainly vary somewhat with the season and it will vary with differ- 
ent elements and with different soils, but itis altogether likely that 
the richer soils will yield a larger percentage of their large stock 
than the poorer soils will of their small stock. In other words, the 
soil of the Wisconsin Glaciation, instead of 16 pounds of phosphorus, 
may give up 18 or 20 pounds, while the soil of the Lower Illinoisan 
Glaciation instead of 6 pounds may give up only 4or 5 pounds of 
phosphorus. 


TABLE 5. APPROXIMATE ANNUALLY AVAILABLE FERTILITY IN ILLINOIS 
SURFACE SOILS,— ROUGHLY ESTIMATED. 


Pounds per acre. 


Principal type of soil in the area. Nitrogen | E bcs py0rs aaa 


fin’? in) han 7 1) (in 7 in.) 
Rnelactatennllls ie. cen a eee ele ee 20 10 56 
Lower Illinoisan Glaciation prairie...... 56 6 42 
Middle I[llinoisan Glaciation prairie..... 100 10 84 
Upper L[llinoisan Glaciation prairie..,.... 108 14 56 
Iowan Glaciation prairie........ Asa Ribs Dong 6 II 74 
W iSCGnsilyeOraine soll. ce, eee ee 100 12 74 
Wisconsin Glaciation prairie............ 124 16 88 
LOGSS:SOIl, CLO uae, vane de ene. 5 36 8 56 
Sand isgilsak. cee eno eae wee oes 22 3 24 
Paty SOlL esky ceiaei ee cat gta eee oe 1340* 20 12 
AV. -UsS. pertilegsolle ei ae at een oe 112 20 66 
Crerman'tertiléssoil nee ee eee ee 120 20 40 
Ohio'soil; Strongsville; O55. ee 88 14 a7 
Contained in 100 bu. of corn....... 100 17 19 


*Peaty soils decompose very slowly, consequently a very much smaller amount of nitrogen 
would become available than is here indicated. 


In trying to study and to understand the subject of soil fertil- 
_ity and the meaning of soil analyses, it is exceedingly useful and 
helpful to fix in mind the fact that only a small percentage of the 
total stock of fertility contained in the soil ever beccmes available 
to plants during any one season. As a general average, 1 per cent. 
is perhaps approximately correct for phosphorus and potassium; 
while probably 2 per cent. is more nearly correct for nitrogen. 

Of course, we should bear in mind that there is plant food in the 
subsoil, but its percentage of availability is very much lower than 
that of the plowed soil, and in many cases, especially with shallow 
rooting annual plants and cultivated crops, this additional supply 
of plant food is doubtless fully counterbalanced by losses of plant 
food in drainage and surface washing. 


(2). By comparing the composition of the different soils of Iili- 
nois with that of the standard fertile soils it appears that the peaty 
swamp soils are the only soils of the State which do not need to 
grow leguminous crops to maintain their supply of nitrogen, and 
many of the soils are markedly deficient in nitrogen. Asa rule, 
the soils which most need to grow legumes are markedly acid and 
must be given an application of lime before legumes can be ex- 
pected to be very successful upon them. 


Perhaps the most striking fact is that none of the soils are 
very rich in phosphorus, while many of them are considerably be- 
low the standard fertile soil, and two or three soils of large area 
are markedly deficient in that element, particularly the large area 
of so-called white clay soil of the Lower Illinoisan Glaciation. 


With the exception of the peaty swamp soil and the sand soil, 
all of the soils of the State are above the German standard in po- 
tassium, although the soil of the Lower Illinoisan Glaciation is 
but little above it and is not equal to the American average. It 
seems not improbable that applications of potassium might prove 
profitable on this soil, especially for growing such crops as apples, 
potatoes, sugar beets, or other crops which require large amounts 
of potassium; indeed, we have some evidence which strongly indi- 
cates that potassium may be profitably used even on the Wiscon- 
sin moraine soil when such crops are frequently or continuously 
grown on the same field. 

Table 6 shows the results which have been obtained from the 
application of different eleménts of plant food to an Ohio soil 
whose composition is shown in Table 4. 

The composition of this Ohio soil (see Table 4) shows that it 
is as well supplied with phosphorus as any of the Illinois soils ex- 
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cepting the Wisconsin Glaciation prairie and the peaty soil, while 
it is poorer in both nitrogen and potassium than most Illinois soils. 

The results of ten years’ experiments show that phosphorus 
has been used on this Ohio soil with very large profit while nitro- 
gen and potassium have been applied at a marked financial loss in 
nearly every instance. As most of the Illinois soils are better sup- 
plied with nitrogen and potassium than the Ohio soil it seems very 
sure that these elements should not be purchased for use on ordi- 
nary Illinois prairie soils, unless it may be that potassium could be 
used with some profit for special crops such as referred to above ; 
and, possibly, even for other crops on the Lower Illinoisan Glacia- 
tion (see Table 8). In one instance potassium was found to yield 
some profit when used for potatoes on the Ohio soil. 

On the other hand, if applications of phosphorus are profitable 
on the Ohio soil, it would seem certain that they would be even 
more profitable on many Illinois soils, especially those which are 
markedly deficient in phosphorus but which are well stocked with 
potassium and either do have or could have abundant supplies of 
nitrogen if proper use were made of lime and legumes, or farm 
manure. 


TABLE 6. SOIL EXPERIMENTS AT STRONGSVILLE, OHIO. 
. (Average of ten years) 


(L—lime: N—nitrogen: P—phosphorus: K—potassium) 


Plot eat Cost of fertilizer in 5 years. Watuerot Net Net 
No. appl'd N P 1 Total. || increase.|} profit. | loss. 
5 N Sra C251 ee $ $11.25 || $ .93 $ 10.32 
2 Er 2.40 2.40 12.54 10.14 
3 K 6.60 6.60 45 6.15 
6 NP Lies 2.40 13.65 16.76 ee 
9 NK BE OIS : 6.60 17.85 ideas 14.62 
8 PK 2.40 6.60 g.00 12273 33 
11.4 NPR 11.25 2.40 6.60 20.25 19.09 1.16 
29* |LNPK Linas 2.40 6.60 20.25 21.56 rai ay 
Cost per pound. Actual value of elements per pound. 
Element. Cost.| Alone. , After N. | After P- , After K. | After 2 others," 
NAEFOR CL yee d LSC Gece yA ADE 5.6c 347C 9; Ir 
A MUSDHOLUS ors eke 62.7 79.2 A 58.4 79.3 
Potassium ..... 6 4 2.1 4 &. 2ur 
aD pAgs dries 12 = wil (re ae gI eran 


_ *In plot 29 the phosphorus was applied as slag phosphate and its higher value on this plot 
is undoubtedly due to the lime contained in the slag. 


25 


Table 7 gives some results from pot culture and field experi- 
ments which show (a) the value of nitrogen first, and then of 
phosphorus, on the old unglaciated hill soil of southern Illinois, 
Pulaski County, (see Plate 2); also (b) the value of phosphorus 
first, then of nitrogen, and then of potassium on the Lower IIli- 
noisan Glaciation, Marion County, (See Plate 3); and, lastly, (c) 
the marked value of potassium on the peaty swamp soil, White- 
side County, (see Plate 4+). By reference to Tabies 4 and 5 it will 
be seen that these results are in accordance with what might be 
expected from the composition of these soils. (As a matter of 
fact, the nitrogen content of the unglaciated hill soil which was 
actually used in these experiments was lower than the average 
for that soil which is shown in Table 4, while the phospho- 
rus in the soil used was above the average.) 


TABLE 7-—CROP YIELDS IN SOIL EXPERIMENTS. 


(a) Unglaciated | (b) Lower Illinois-| (c) Peaty swamp soil, 


Soi] | Kind of hill soil an glaciation Whiteside County 
ch plant | (N most needed).| (P most needed). (K most needed). 
pee lietes ime ae So ae ap DM A Se 
No. | applied. Wheat, Wheat, Rar core) | Poader: 
grams. grams. bushels. pounds. 
| fe) 3.0 iin O 1,000 
2 bis 3.0 10 O 800 
3 LN 26.0 9.2 fe) 1,200 
4 LP bias 13.6 O 2,000 
5 iid A038 10.3 36.3 3,600 
6 LNP 34.0 20.6 O 1,400 
Tiel IN AS 32.8 G Dy 40.0 3,500 
8 LPK a1 13.7 ap as 3,100 
OoTaENEK: | 34.4 es We 60.0 4,400 
fe) NPK 30.6 24.5 6255. 4,750 
II O 3.0 9.9 
12 Oo 374 9.5 


(a) Compare 8 and 9 for maximum effect of nitrogen. 
(b) Compare 7 and 9 for maximum effect of phosphorus. 
(c) Compare 6 and 9 for maximum effect of potassium. 


Table 8 shows (a) that in field experiments on the soil of the 
Lower Illinoisan Glaciation (Perry County) phosphorus increased 
the yield of wheat from 13.1 to 16.5 bushels per acre, while the ad- 
dition of potassium further increased the yield to 20.3 bushels; 
(b)that on the soil of the Middle Illinoisian Glaciation (St. Clair 
County) phosphorus increased the yield of wheat from 17.1 to 26.4 
bushels, while with potassium added to the phosphorus the yield 
was still further increased to 33.8 bushels, as the average of three 
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PLATE 2,—Wheat on Unglaciated Soil (Pulaski County Hills) Effect of Nitrogen. 


‘snioydsoyg Jo }ayy (Sattesg AyuNor Vole) [IOS UOMPIOP]D) URSIOUL[[] 19MO'T UO JRO MM —‘E ALVTG 


ee 
Be " 


, 


WINISSL}Od JO PIAA (pue'T uosiog,, A4yuNoD apisaiy A) [log dweMs uo u10D—'b ALVIg 


RI tp re, 
“ ee 


29 


quite discordant results; and (c) that on the Wisconsin moraine 
Soil on the Experiment Station farm at Urbana (Champaign 
County) applications of lime, of both lime and phosphorus, and of 
lime, phosphorus, and potassium, altogether, produced very benefi- 
cial and profitable results. ‘he phosphorus was applied in the form 
of bone meal at the rate of 320 pounds per acre. Potassium chlorid 
was applied at the rate of about 160 pounds per acre (a double appli- 
cation of potash salt was given to the sugar beets on plots 8, 9, and 
10). Itshould be stated that two crops of sugar beets had been 
produced on this field previous to 1892. No fertilizers had ever been 
applied to any of these plots before the fall of 1901. The average 
of three years’ previous corn crops, is given in the last column and 
shows that these plots were exceedingly uniform in their productive 
capacity previous to the application of fertilizers for the 1902 crop. 


TABLE 8. CROP YIELDS IN SOIL EXPERIMENTS. 


. (a) Lower Il]linois-|(b) Middle Illinois- . . : 
Kind of an glaciation. an glaciation. (c) Wisconsin moraine. 
Boil plant 
Festijie oo aie 
No. applied Wheat, Wheat, Sugar beets,) Corn, bu., 
for bushels, bushels, tons, average of 
1902. 1902. 1902. 1902. 3 years. 
I O 12.8 19.7 5.23 66.8 
2 fe) I2.4 15.2 7.80 67.0 
3 O 12.4 15.3 9.53 66.3 
Average 12.5 16.7 8,85 66.7 
4 L 1333 ERR7 13.14 71.8 
5 Le 12.9 16.5 14.52 paige: 
Average Let 1g fea 13.83 gi ie) 
6 Le 16.9 24.7 Lee) 68.0 
¥| EP 16.1 28.0 18.22 67.4 
Average 16.5 26.4 iy ay 67.7 
8 LPK 20.8 29.8 21.83 05727 
9 EEK 19.4 Ain 24.08 67.4 
fe) LPK 20.8 39.8 23.86 64.7 
Average 20; 3 33.8 2ae2s 66.9 


NoTE.—These experiments will ultimately include the growing of leguminous 
catch crops (on plots 2, 4, 6, and 8), and the application of farm manure about 
once in four years (on plots 3, 5, 7, and 9) and the effect of this additional treat- 
ment will be ascertained from subsequent crop yields. 

(b) The particular soil used for this series of experiments was found to contain much less 


potassium than is contained in the average soil of this type; that is, the Middle Illinoisan 
Glaciation prairie. ’ 
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The sugar beets were worth about $4.60 a ton and the total 
cost of the fertilizers on plots 8, 9, and 10 was about $12 per acre. 
Of course, legumes and manure are to be used on some of these 
plots in connection with the use of the mineral elements of plant 
food and probably we shall have more marked results after one or 
two crop rotations. 


Lime is not expected to be of much direct benefit to wheat, but 
it should benefit legumes. 


TENTATIVE RECOMMENDATIONS AND SUGGESTIONS FOR DIFFERENT 
TYPES OF SOIL, REPRESENTING LARGE AREAS OF 
ILLINOIS LANDS. 


The following kinds of treatment recommended, or suggested 
for trial, for the soils of Illinois, are, as a rule, to be considered in 
addition to the use of the manure produced on the farm. I cer- 
tainly ask for some measure of charity from Illinois farmers in 
their consideraion of the recommendations which are here made for 
maintaining and increasing the productive capacity of Illinois 
soils. JI am sure you will appreciate the fact that to investigate 
the soils of a state like Illinois is a task of no small magnitude. 
Bear in mind, for example, that the northern boundary of Illinois 
almost coincides with the southern boundary of Vermont and New 
Hampshire, while the southern point of Illinois is only 30 miles 
north of the southern boundary of Virginia. Boston, Massachu- 
setts, and Richmond, Virginia, both fall within the latitude of the 
State of Illinois. This range of latitude includes Massachusetts, 
Connecticut, New Jersey, Delaware, Maryland and 
Virginia. — 7 

You will also bear in mind that less than two years have 
elapsed since these investigations began. We certainly realize 
that, as yet, our information is meager; our results are few; and 
the conclusions drawn are tentative. They apply more strongly to 
old worn soils than to new lands. These recommendations and 
suggestions are made with the hope that they may be given care- 
ful trials at least on a few acres of land and for at least five years, 
and the results compared with control or check plots which are 
treated in the ordinary way. In making these trials, don’t try to 
compare clover with lime, but compare clover with lime aud clover 
both together; and don’t compare manure with bone meal, but 
compare manure with manure and bone meal both together. For 
use in traveling you would not compare a horse with a carriage, 
but you would compare a horse with a horse and carriage. 


While the recommendations as to treatment are very general, 
it is believed that when supplemented by good sense and general 
knowledge, more than one-half the farmers of Illinois can get some 
ideas or suggestions which they will beable to see are applicable to 
the actual soils they are cultivating. Nearly every farmer recog- 
nizes different types of soil, and, asa rule, farmers know which is 
the principal or commonest type of soil in their section of the State, 
whether they live in Johnson, Clay, Sangamon, Warren, Stephen- 
son, McHenry, or Douglas county, or in any other county in any of 
the large soil areas of the State. 

All of the recommendations are meant only to supplement good 
farm practice. Always make use of farm manures, grow clover or 
other legumes, prepare the ground well, plant good seed, and prac- 
tice good cultivation ; but in addition to all of this,try the effect of 
applying lime, phosphorus, or potassium, in accordance with the 
composition of your type soil and the needs of the crop (See Table1). 
Where a liberal use of leguminous crops is recommended, sow cow 
peas or soy beans or vetch in the corn at the last cultivation ; sow 
clover or vetch in the oats and wheat orsow cow peas, soy beans, or 
vetch as soon as possible after the oats and wheat are harvested. In 
addition to this a full crop of legumes should be grown once in 
about 3 to 5 years. 


; 1. UNGLACIATED SOIL. 
Principal type: Red clay hillsoil, common in the following coun- 
ties: Union, Johnson, Pope, Hardin, Alexander, Pulaski and Massac. 


Treatment recommended: 1,500 to 2,000 pounds of limestone 
per acre and a liberal use of leguminous crops as catch and cover 
crops and in rotations. Additional treatment suggested for trial ; 
200 pounds bone meal (or 500 pounds rock phosphate*) per annum. 
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2. ILLINoIsAN MOoRAINES. 
(Not yet investigated. ) 


3. Lowkr ILLINOISAN GLACIATION. 


Principal type: ‘‘White clay,” prairie soil, common in the 
following counties: Fayette, Effingham, Jasper, Marion, Clay, 
Richland, Washington, Jefferson, Wayne, Perry, Franklin, Hamil- 
ton, and to some extent in nearly all adjoining counties. 

Treatment recommended: 1 to 2 tons limestone per acreand then 
200 pounds bone meal (or 500 pounds rock phosphate) per annum 
and a liberal use of leguminous crops as catch and cover crops and 


*Until we have more definite information on the subject, rock phosphate 
should not be substituted for bone meal, excepting, perhaps, on soils rich in or- 
ganic matter, or in connection with a liberal use of leguminous green fertilizers 
or farm manure, or both. 


in rotations. Additional treatment suggested for trial: 100 to 200 
pounds potassium chlorid or potassium sulfate especially for pota- 
toes, root crops, and orchards. 


4, MIppLE ILLINOISAN GLACIATION. 


Principal type: Brown prairie soil, common in the following 
counties: Cass, Menard, Logan, Scott, Morgan, Sangamon, Greene 
and in parts of Macoupin, Jersey, St. Clair, Clinton, Bond, Mont- 
gomery, Christian and Macon, 

Treatment recommended: 500 pounds limestone per acre, and 
then 200 pounds bone meal (or 500 pounds rock phosphate) Bee 
annum and a liberal use of legumes. 


5. Upper ILLINOISAN GLACIATION. 


Principal type: Dark brown prairie soil, common in the fol- 
lowing counties: Mercer, Henry, Stark, Warren, Knox, Peoria, 
Hancock, McDonough, Fulton, Schuyler, and in parts of Adams, 
Brown, and Pike. 

Treatment recommended: Liberal use of leguminous crops. 
Additional treatment suggested for trial: 500 pounds limestone 
and then 200 pounds bone meal (or 500 pounds rock phospaae per 
annum. 


6. IOWwAN GLACIATION. 


Principal type: Brown rolling prairie soil, common in the 
. following counties: Stephenson, Winnebago, Carroll, Ogle, and 
in parts of adjoining counties. 

Treatment recommended: 500 pounds limestone per acre, and 
then 200 pounds bone meal (or 500 pounds rock phosphate) per 
annum and a liberal use of WHE as catch and cover crops and 
in rotations. 


7. WISCONSIN MORAINES. 


Principal type: Dark brown rolling prairie soil, common in the 
following counties: McHenry, Lake, DeKalb, Kane, Cook, DuPage, 
Will, Kendall, LaSalle, Livingston, Ford, and in parts of Bureau, 
Marshall, Tazewell, McLean, Dewitt, Champaign, Vermilion, Ma- 
con, Shelby, Coles and Edgar. 

Treatment recommended: 500 pounds limestone per acre, and 
then 200 pounds bone meal (or 500 pounds rock phosphate) per 
annum and a liberal use of legumes, as catch and cover crops and 
in rotations. 
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8. WISCONSIN GLACIATION PRAIRIE. 


Principal type: Black level prairie soil, common in the fol- 
lowing counties: DeKalb, Kane, Bureau, LaSalle, Kendall, 
Grundy, Will, Kankakee, Putnam, Marshall, Woodford, Livingston, 
Iroquois, Tazewell, McLean, DeWitt, Piatt, Champaign, Vermil- 
ion, Macon, Moultrie, Douglas, Coles, Edgar, and in parts of Ford, 
DuPage, Cook, and Lake. 

Treatment recommended: Legumes incrop rotation. Addi- 
tional treatment suggested for trial: 200 pounds bone meal (or 500 
pounds rock phosphate) per annum, and also, on old worn soil, or 
slightly rolling land, 500 pounds limestone per acre. 


PALE GS ESOL 

Principal type: Light brown rolling upland soil, containing 
some very fine sand, common along the Mississippi, Illinois, and 
Wabash rivers, usually occupying a strip of upland 5 to 10 miles 
wide. . 

Treatment recommended: 500 pounds limestone per acre, and 
then 200 pounds bone meal (or 500 pounds rock phosphate) per an- 
num and a liberal use of legumes as catch and cover crops and in 
crop rotations. 


10. (a) SAND SOILS. 


Common in parts of Whiteside, Lee, Henry, Tazewell, and 
Mason counties and in some bottom lands along Mississippi river. 

Treatment recommended: 200 pounds bone meal (or 500 
pounds rock phosphate) per annum and liberal use of barn yard 
manure. Additional treatment suggested for trial: 500 pounds 
of limestone per acre, and then 100 pounds potassium chlorid per 
annum and a liberal use of legumes. 


10... (b) PkEATY Swamp SOILS. 


Common in parts of McHeury, Kane, Whiteside, Lee, Henry, 
Bureau, Kankakee, Tazewell, Mason, and to some extent in many 
other northern counties. 

Treatment suggested for trial: 50 to 100 pounds potassium 
chlorid per acre per annum, with light dressings of farm manure 
if found beneficial. 


In conclusion I would say that nothing else,—most emphat-. 
ically nothing else,—pertaining to the business of farming com- 
pares in importance with the subject of soil fertility, and yet there 
is probably no subject about which Illinois farmers have been more 
indifferent in the past. I believe in well bred and well fed stock ; 
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I believe in making, saving, and using farm manures; I believe in 
good cultivation ; I believe in growing the best varieties of crops ; 
I believe in the improvement of crops,—in the improvement of corn 
by breeding ; I believe in increasing the protein content of corn ; 
but I know that you cannot make protein without nitrogen ; I know 
that you cannot get nitrogen economically without legumes and 
bacteria; I know that you cannot grow legumes successfully on 
acid soils; and I know that a soil which gives up only 5 pounds 
of phosphorus per annum cannot yield 100 bushels of corn. 

Last season we planted some improved seed corn on good soil 
at the University and it yielded 90 bushels per acre; we planted 
exactly the same kind of corn on the white clay soil of the Lower 
Illinoisan Glaciaticn and it yielded less than 15 bushels per acre. 
This is not a difference in the variety; it is a difference in the fer- 
tility of the soil. 

On the other hand, we have obtained some striking indications 
of the value of plant food for making crops. For example, where 
we applied $8 worth of plant food in St. Clair county, we got an 
increase of 16 bushels of wheat the first year; where we applied 
$12 worth of plant food on the University farm, we got an increase 
of 14 tons of sugar beets which were worth more than $60 for fac- 
tory use, and which we sold for $42 for feed ; where we applied $4 
worth of plant food to the peaty swamp soil of Whiteside county, 
we got 36 bushels of corn for it the first year. Some ot these re- 
sults are striking and they may, be extremes, and yet in no case 
have we reason to doubt their reliability. (The tabular statements 
show all of the variations in duplicate and triplicate results.) The 
experiments are conducted with the sole desire to learn the truth, 
to obtain results which may be obtained on any scale by any IIlinois 
farmer who may try to practice what the experiments preach. 
These experiments must- be continued ; the results must be verified 
or proven incorrect. It should be borne in mind, however, that our 
experiments include the use of legumes for increasing the nitrogen 
in the soil and that we have not yet had sufficient time to deter- 
mine the effect of leguminous crops upon succeeding grain crops 
both with and without the addition of the other elements of plant 
food and with applications of manure, the above results having been 
obtained with the use of the mineral elements only. 


One thing, however, we believe is settled; namely, that we 
have discovered, proven, and demonstrated, for all time, that alfalfa 
can be grown successfully on Illinois soil; that is, on soils which 
are not acid, which are not deficient in phosphorus, and which are 
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inoculated or infected with the alfalfa bacteria (See Plate 5 and 
also Bulletin No. 76, ‘‘Alfalfa on Illinois Soil.”), and these results 
are not considered as tentative ; they are conclusive. ‘There is no 
_ longer a question as to whether alfalfa can be grown in Illinois. 
The only question is, will you provide the proper conditions for it ? 
On our own field at the University (on Wisconsin moraine soil) 
less than $1 worth of lime made more than $10 increase per acre in 
the alfalfa hay, and $4 worth of phosphorus made an additional 
increase of $15 worth of hay, while the presence or absence of the 
alfalfa bacteria made the crop a success or a failure, respectively. 
Alfalfa is not grown at the University alone, but it is now grow- 
ing successfully (on well infected soils free from acidity) in many 
different places in the State, and yielding from 6 to 10 tons per acre 
annually. 

Regarding many things pertaining to Illinois soils I do not 
have absolute knowledge or sufficient results to justify fixed opin- 
ions, but I do have a tentative opinion that the possibilities of finan- 
cial profit to be derived from the purchase of lime and phosphorus 
and their application and use in connection with leguminous crops 
and farm manures on very large areas of Illinois soils are not yet 
dreamed of by the owners of Illinois lands. There are cultivated 
soils in the State which contain in the plowed soil only $5 worth of 
phosphorus per acre, and the subsoil is no richer. That the 
productive capacity of these soils is limited by their low phospho- 
rus content, is beyond question ; that.it could be doubled by doub- 
ling the phosphorus content, though not yet fully demonstrated, 
seems highly probable. That the average yield of corn on Illinois 
soils can be profitably increased from 37 bushels to 75 bushels per 
acre seems entirely possible. Butwhatis needed? First, the care- 
ful use of farm manure, and, in addition to that, perhaps a ton or 
two of lime or limestone once in ten years, a generous use of phos” 
phorus at a cost of a few cents per bushel of corn, and, ultimately, 
it may be, a cent or two more per bushel of corn for potassium, and 
then a liberal use of the element nitrogen which everywhere rests 
upon the surface of the earth in inexhaustible quantities. How- 
ever well this may sound in theory and however feasible it way ap- 
pear to be, we must bear in mind that it has not been fully proven 
‘or demonstrated ; but if we can prove and demonstrate that the 
fertility of Illinois soil can be profitably increased and permanently 
maintained, then we shall accomplish a work the value of which 
almost passes computation and comprehension. And when I say 
‘‘we,” I mean every man who has assisted or is assisting in this 
great work. I mean Andrew S. Draper, the president of the Uni- 


37 


versity of Illinois whose intellect perceived the fact that ‘“The 
wealth of Illinois is in her soil and her strength lies in its intelli- 
gent development.” I mean Eugene Davenport, Dean of the Col- 
lege of Agriculture and Director of the Experiment Station, whose 
mind conceived the tremenduous importance to Illinois Agricul- 
ture of the investigation and the preservation of Illinois soil, and 
to whom more than to any other one man credit is due that such 
investigations are now in progress; I mean the Illinois Farmers’ 
Institute, the organization which now stands asa guardian over 
the soils of this State, and whose members asked for, and secured 
the initial appropriation for soil investigations ; i mean the mem- 
bers of the Advisory Committee who serve the State without pay 
and give practical and valuable advice regarding these lines of 
work ; I mean the progressive farmers with whom we are cooper- 
ating in different sections of the State, whose public spirit and 
whose patience and watchful care over experiments on their farms 
and whose kindly treatment of myself and my associates make the 
work a pleasure to us, and of greater value to the State ; and last, 
but not least, I mean L. H. Smith and J. H. Pettit, J. G. Mosier 
and K. M. East, W. F. Pate and J. EK. Readhimer, the trained and 
skilled analysts and the accurate field assistants who work long 
hours in the laboratories and in the fields and upon whose work 
depends the accuracy of every conclusion drawn regarding the fer- 
tility of Illinois soils and the effects of soil treatment. 

But I must add one more word: If we do prove conclusively 
that the fertility of all of the soils of Illinois cannot be maintained 
by the use of legumes and the manure made from Illinois crops 
alone, and if we do demonstrate absolutely that the purchase of 
any element of plant food is necessary and profitable, then, who- 
ever buys plant food for use on Illinois soil, let him not buy a tonic 
or a stimulant or a trivial amount of some highly manufactured 
and high priced so-called commercial fertilizer which shall only 
urge the soil to greater exhaustion and result in no permanent good, 
but let him buy liberal amounts of the real elements as near to 
the raw materials as possible such as fine ground limestone from 
the immense natural deposits of our own state, and pure phosphates 
such as bone meal (originally a farm product) or as fine ground rock 
phosphate from the very extensive phosphate mines of the southern 
states, and, if necessary, potassium from the abundant supplies of the 
German potash mines; and then let him apply at least two pounds. 
for every pound he removes in crops; let the supply increase and 
not decrease ; let the soils of Illinois not grow poorer but richer 
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and richer,—for the land’s sake, for your children’s sake, and for 
Illinois’ sake. 

If we do learn that this is possible, then let us have one coun- 
try on earth—let us have one state in this Union, whose soils shall 
not be ruined and whose children shall not be left with only a mem- 
ory or a tradition of the bountiful harvests of former years. 

Listen: One and one-half million tons of rock phosphate is 
the annual production of the mines of the United States. 

Listen: One million tons of this material (two-thirds of the 
total product) is the annual export to foreign countries. 

Americans are proud today that our exports exceed the imports. 
Are we proud of this export trade ? If there is any one factor more 
potent than others to finally ruin the agriculture of this state,—to 
reduce all our lands to the level of the worn out lands of the EKast- 
ern States and of the countries of Europe, many of which cannot 
today produce their own supply of bread,—I say if there is any one 
thing which shall ultimately bring this condition upon us or upon 
our children, I believe it is the loss of phosphorus. 

I am neither sensational nor merely theoretical. If anything 
I am practical. Pardon me for the personal remark. The 
greater part of my life I have been a practical farmer,—not a ‘‘side 
walk” farmer, but just a plain every day farmer in plain blue over- 
alls;—with hands which are still calloused from years of farm work. 

Farm work! If working in the field from sunrise till sunset,— 
plowing, sowing, planting, cultivating, harvesting, stacking, 
threshing,—if this and the milking of 10 or 12 cows twice a day 
besides other ‘‘chores,” is farm work, then I have done farm work,— 
not merely for a month or a season, but for years. | 

I do not speak of this boastingly. I speak of it because I want 
your confidence and the confidence of the Illinois farmers whom you 
represent. AndI want your help and cooperation in trying to 
make of Illinois farming something more than farm work. There 
was nothing in my farm work to be especially proud of, except, 
possibly, my willingness to work. I did the work as my father 
and my father’s father had done it. 1 worked hard but I worked 
ignorantly. | | 

I well remember that I worked just as hard and took as much 
pains to get a crop of 15 bushels of wheat from ovr land as Charles 
Cass, a neighbor only three miles from us, did to raise 30 bushels 
on some of his land. Why was the difference ? We said he had 
better land. But why his land was better I did not know. I did 
not know that plant growth is absolutely dependent upon the pres- 
ence of certain elements of plant food in the soil. I did not know 
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that when the available supply of any one of these essential ele- 
ments falls short then the crop must also inevitably fall short, no mat- 
ter how hard I worked. Asa matter of fact I knew no more about 
the land than Lot knew four thousand years ago when he parted 
from Abraham and chose to dwell ‘‘in the land of the plain of Jor- 
dan.” Certainly I knew how to do farm work; I was well trained 
in most all farm operations, from digging out grubs and stumps in 
the timber land, or breaking the prairie sod with a four horse team, 
to building a barn or granary, or stacking wheat or oats to shed 
rain. 

Nitrogen! phosphorus! potassium! available fertility! nitrifying 
and nitrogen-gathering bacteria! fixation of carbon! soil acidity !— 
Have those words anything to do with farming? If so, I did not 
know it. It seems to me that all I knew about farming was to 
work myself and to ‘‘rest” the land by rotating crops. And we 
rotated crops just as an Illinois farmer told me last summer he 
does. I asked him what crop he usually grew after wheat. He 
said, ‘‘That depends. If we get a fairly good crop of wheat, we 
usually grow wheatagain.” So did we. We grew wheat till the 
land grew tired, then we gave ita ‘‘rest” by growing corn or oats 
or timothy. Why clover would not grow we did not know. 

But this I do know, that when my good father started me to 
an agricultural college he said, ‘Try to learn something about the 
soil ;’ and I know that when I began to study chemistry I said to 
my teacher, ‘‘Let me learn to analyze soils,” and I fail to remem- 
ber any more bitter disappointment than I had then when the pro- 
fessor said, ‘‘That is a hard thing to do; for to analyze the soil is 
one of the most difficult chemical analyses to make, and, further- 
more, soil analysis doesn’t seem to mean very much.” 

Nevertheless, I have learned to analyze soils, and to me soil 
analysis seans very much. 

Again I beg your pardon for these personal remarks. 

But let me ask you, why are the people of Kurope buying 
1,000,000 tons of American rock phosphate each year? Are they 
ignorant and mistaken regarding its value; and is all the wisdom 
pertaining to agricultural science and practice locked up in the 
minds of the good, hardworking, honest men who run many of the 
farms of Illinois for $5 an acre cash rent or for one-half of all they 
can squeeze out of the soil ? 

Gentlemen of the Illinois State Farmers’ Institute, my knowl- 
edge is small and my data few, but my opinion is that every ton of 
bone meal and every ton of rock phosphate annually produced in 
the United States could be used with marked profit upon the soils 
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of Illinois, Indiana, and Ohio. I said with profit; but I also say, 
were there no marked profit in it, we should put back upon the soil 
at least as much phosphcrus as we take off,—Yes we should put 
back as much as we have taken off during the past half century or 
more. But I believe that the purchase and intelligent use of phos- 
phorus on many Iliinois soils will ultimately pay a higher interest 
on the investment than the purchase of Illinois soils themselves, 
at present prices. When you buy land you do not expect it to 
pay back the principal the first year, neither should you expect it 
from heavy applications of plant food of which perhaps 90 per cent. 
remains in the soil to benefit succeeding crops. 

I do not advise farmers torush into the purchase of phosphorus 
or other plant food on a large scale, but I do advise every land 
owner to lay off two uniform strips of land, about one acre each, 
through every important field, to take the exact yields of those two 
strips for a year or two, then to apply to one of these strips from year 
to year the treatment which from all the information obtainable he 
thinks ought to be given to it to insure the permanent mainte- 
nance or increase of its productive capacity ; and then, if he finds 
it is profitable, or even if he can barely afford to do it, I advise him 
to apply this treatment to his whole farm, excepting only the un- 
treated acre, which should always be reserved as a check to show 
what the soil would do without such treatment. 

The Illinois State Farmers’ Inststute is the organization which 
first asked for an appropriation for the investigation of the soils 
of the State, and I trust the future generations will give you honor 
for it. 

I now assume that the members of the Illinois State Farmers’ 
Institute will be the leaders in applying and extending the knowl- 
edge which may be derived from these investigations, as rapidly 
as results may be secured and verified which shall be found prac- 
tical for preserving the productive capacity of Illinois soils. 

As I said in the beginning : 

If the greatest study of mankind is Man, the next greatest 
study is the soil; for, upon the soil, depends the preservation of 
Man. 

If it is true that American agriculture is the fundamental sup- 
port of the American Nation, it is equally true that soil fertility is 
the absolute support of American Agriculture. 

If he who makes two blades of grass grow where but one grew 
before is a public benefactor, then he who reduces the fertility of 
the soil so that but one ear of corn grows where two grew before is 
a public curse. 
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DIRECTIONS FOR THE BREEDING 
OF CORN. 


By LOUIE H. SMITH, Cuier Assistant IN PLANT BREEDING. 


The practicability of the improvement of corn by systematic 
selection and breeding has now been definitely established, and 
on account of a general awakening to the importance of this 
matter, numerous inquiries are coming to this Experiment Sta- 
tion regarding the practical methods which can be followed by 
any grower who desires to improve his corn. 

It is in view of meeting these inquiries with a statement as 
simple and concise as possible that this circular is prepared. 

Corn improvement should embrace both quantity and qual- 
ity. But, because of the great importance of increased yield 
per acre, all selection looking toward improvement should be 
first based upon yield, this to be followed so far as‘ practicable, 
with efforts which aim toward higher standards of quality. It 
is with these ideas that the following methods for corn breed- 


ing are arranged. 


PHYSICAL SELECTION OF SEED CorN. 


The most perfect ears obtainable of the variety of corn 
which it is desired to breed should be selected. As a rule, these 
seed ears should be obtained from some reliable seed corn 
breeder in preference to starting with unknown and unim- 
proved corn. 

In making the selection for desirable ears, as judged from 
the physical characteristics, the larger the number of ears ex- 
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amined the better can be the selection. If the breeder wishes 
to improve the quality (chemical composition) of the grain, 
as well as the yield and type of his corn, it is recommended that 
he choose at least 200 ears of the desired physical type to be 
further examined as to quality. — 


CHEMICAL SELECTION BY MECHANICAL KXAMINATION, 

The following table fairly illusttates the results obtained by 
the use of the method of mechanical examination in the selec- 
tion of high protein seed ears. | 


RESULTS OF SELECTION FOR PROTEIN IN CorN BY METHOD OF 
MECHANICAL EXAMINATION. 


Ears Selected Ears Rejected as 
Total | AS Highin Protein. |Not High in Protein 
Selected by violate 


examined | Number Ave. % Number | Ave. % 
of ears. | protein. | of ears. protein 


—-. 


Ill. Exp. Station (1902).} 200 42 12.14 42* 10.67 


Ralph Allen (1902)..... 165 15 13.56! 150 12.10 
Ralph Allen (1903)..... 225 15 13.1542 L254 
A. L. Woodhams....... 187 36 11.59) 151 10.29 
Huntibrost ern e. 200 40 10.94} 160 10.88 
William Berg vps aie, 200 25 11.59) Sahes 11.29 
HAG W inter teaek ae 134 26 Lio 7) sl0s 10.78 
Wari hci oer 2 nee (?) 24 10.64 (?) 9.94 
Ohio Exp. Station...... 4 bushels 14 L171 (?) 9.70 


*Selected for low protein from same lot of 200 ears. 


The success of this method in the hands of several practical 
farmers is demonstrated. We notice that in every case there 
was a gain made in average protein content of the selected ears, 
and in some of these cases the gains were very decided. 


Metuop oF MECHANICAL EXAMINATION. 

The method of making a chemical selection of ears of seed 
corn by a simple mechanical examination of the kernels is based 
upon the fact that the kernel of corn is not homogenous in 
structure, but consists of several distinct and readily observable 
parts of markedly different chemical composition. For a com- 
plete detailed study of “the structure of the corn kernel and 
the composition of its different parts,” see Bulletin No. 87. 

For our particular purpose of judging from the structure 
of the kernel as to its composition, we need consider but three 
principal parts, namely : 
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1. The darker colored and rather horny layer lying next 
to the hull, principally in the edges and toward the tip end of 
the kernel. This part is fairly rich in protein and contains 
from one-half to two-thirds of all the protein of the kernel. 

2. ‘The white, starchy-appearing part occupying the crown 
end of the kernel and usually also immediately surrounding, or 
partially surrounding, the germ. This part is poor in both pro- 
tein and oil, consisting mainly of starch. 

3. The germ itself, which occupies the central part of the 
kernel toward the tip end. This is very rich in oil. More than 
four-fifths of the entire oil of the kernel resides in the germ. It 
is also rich in protein, containing nearly one-fifth of all the 
protein in the kernel, although the germ itself constitutes only 
about one-tenth of the weight of the kernel. 

In selecting seed corn by mechanical examination for im- 
provement in composition, we remove from the ear a few aver- 
age kernels. Cut these kernels into cross sections and examine 
these sections as they are cut, usually simply with the naked 
eye, selecting for seed those ears whose kernels show the quali- 
ties desired. 


SAMPLES FoR ANALYSIS. 


In order that the breeder may know what he has accom- 
plished in his work of mechanical selection, the Experiment 
Station offers to analyze for any Illinois farmer who wishes 
to improve the quality of his corn by breeding according to 
these directions and who agrees to make the best selection of 
seed possible, two composite samples representing each of the 
two lots of ears; that 1s, the selected lot and the rejected lot. 

One composite sample should be made by taking 10 aver- 
age kernels from each of the selected ears (96 ears preferred), 
and another sample should be made by taking 10 average ker- 
nels from each of the rejected ears (100 ears or more). Each 
of these two samples should be put in a separate sack, properly 
labeled, and sent to the Plant Breeding Laboratory, Agricul- 
tural Experiment Station, Urbana, III. 

Of course, if the breeder desires to breed for physical type 
and increased yield only, then no chemical analysis 1s needed, 
and all that is necessary to begin work is to select the 96 most 
nearly perfect ears obtainable for the breeding plot. 
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S1zE OF BREEDING Prot. 

The best number of ears to use in a breeding plot is as yet 
an unsettled question. ‘There are several conflicting factors 
entering into the consideration. On the one hand, the smaller 
the number of ears taken, the choicer can be the selection of 
the seed planted; while on the other hand, the larger the num- 
ber of breeding rows to choose from, the better can be the 
selection of seed for the next crop. Then again, there is un- 
doubtedly some danger of evil effects from too close in-breed- 
ing, by the use of too small a number of ears. 

From our present knowledge we believe, however, that 96 
ears is a safe number to use, so far as in-breeding is concerned, 
and this is the number that we suggest in these directions, it 
being understood that alternate rows are to be detasseled and 
all seed corn selected from detasseled rows. 


PLANT BY THE Row SYSTEM. 

The 96 selected Seed ears are planted in 96 separate rows. 
These rows should be at least too hills long, but they may well 
be 40 rods long, as the amount of seed will usually permit this. 

It is recommended that these 96 seed ears be numbered* 
from 1 to 48 and from 51 to 98, the numbers 49 and 50 being 
omitted; also that ears I to 48 be planted in one-half of the 
plot and ears 51 to 98 be planted in the other half, preferably 
end-to-end with the first half, leaving one hill unplanted to 
mark the line between the two halves, also leaving one row 
unplanted to mark the line between rows 24 and 25 and be- 
tween rows 74 and 75; that is, between quarters. 

In this way row 51 (planted with seed from ear 51) is a 
continuation of row 1 (planted with seed from ear 1) and the 
two rows may well extend 80 rods, across a 4o-acre field. The 
breeding plot can be planted with a corn planter, although it 
will require some time and patience, and if the planter is an 
edgedrop it will be necessary to put a suitable cone or inverted 
funnel in each seed box so as to keep the small amount of corn 
to the outside. Place the shelled corn from ear No. I in one 
box and from ear No. 2 in the other; drive to the middle line 
of the plot, thus planting rows 1 and 2; clean out the boxes; 


*These numbers would be 101 to 148 and 151 to 198 the first year, 201 to 248 and 251 
to 298 the second year, etc., etc. (See under REGISTER NUMBER, page 12.) 
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move forward one hill; put in the corn from ears 51 and 52; 
use the foot trip till the corn begins to drop; then drive on and 
plant rows 51 and 52. ‘Turn at the end; clean out the seed 
boxes; put in ears 53 and 54; plant back to the middle; clean 
out, put in ears 3 and 4, and then plant on back to the begin- 
ning line, thus continuing until the breeding plot is all planted. 
The planting may then be continued for the commercial field, 
using the same variety of corn, which should be of similar 
breeding but not too closely related, finishing, perhaps, with the 
multiplying plot on the opposite side of the field from the breed- 
ing plot. 

Fach one of the breeding plot rows should be numbered to 
correspond with the “register number” of the ear from which it 
is planted, as will be explained under the heading of “Pedigree 
Register.” 

The breeding plot should be well protected from foreign 
pollen, by being planted as far away as possible from other 
varieties of corn. 


DETASSELING. 

From the data which we have secured and are securing 
upon the subject, we now strongly recommend that every al- 
ternate row of corn in the breeding plot be completely detas- 
seled before the pollen matures and that all of the seed corn 
to be taken from the plot be selected from these 48 detasseled 
rows. [his method absolutely prohibits self-pollination or close- 
pollination of the future seed. By self-pollination is meant the 
transfer of pollen from the male flower (tassel) of a given 
plant to the female flower (silk) of the same plant; and by 
close-pollination is meant the transfer of pollen from the male 
flower of one plant to the female flower of another plant in the 
same row, both of which grew from kernels from the same seed 
ear. It is recommended that no plants in any of the rows which 
appear imperfect, dwarfed, immature, barren, or otherwise un- 
desirable, should be allowed to mature pollen. Occasionally an 
entire row should be detasseled because of the general inferi- 
ority of the row as a whole. Detasseling is accomplished by 
going over the rows as many times as may be necessary and 
carefully pulling out the tassels as they appear. Indeed, great 
care should be exercised in this part of the work in order not to 
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injure the plants:and thereby lower the yields. The tassels 
should not be cut off, as this produces an external injury and at 
the same time the stalk is often deprived of several undeveloped 
leaves. But the tassel should be allowed to develop far enough 
so that it can be separated alone at the top joint by a careful 
pull. It is now fully determined that the detasseling of the 
breeding rows is necessary. This insures cross pollination and 
markedly increases the yield of succeeding crops. 


SELECTION OF FIELD Rows AND SEED EARS. 


As the crop matures, the corn from each of the detasseled 
breeding rows is now harvested. First, all of the ears on the row - 
which appear to be good ears and which are borne on good 
plants, in a good position, dnd with good ear shanks and husks, 
are harvested, placed in a bag, with the number of the row, 
and finally weighed, together with the remainder of the crop 
from the same row. No seed ears should be taken within two 
or three rods of the inside ends of the rows. The total weight 
of ear corn which every detasseled row yields should be deter- 
mined and recorded, for the yield is the primary factor in de- 
termining the rows from which all of the ears for the next 
year’s seed selection must be taken. Fach lot of ears from each 
of the detasseled rows, and finally each single ear of the 96 
seed ears ultimately selected is kept labeled with the number 
of the row in which it grew and finally with its own ear num- 
ber also, and permanent records are made of the number and 
the description of the ear, the performance record of the row, 
etc., so that as the breeding is continued an absolute pedigree 
is established, on the female side, for every ear of corn which 
may be produced from this seed so long as the records are 
made and preserved. We also know absolutely that we have 
good breeding on the male side, although the exact individual 
pedigree of the males cannot be known and recorded. 


PLANTING FoR Cross POLLINATION. 


In order to insure cross breeding to the greatest possible 
extent the plan given in Table 1 should be adopted. 
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Table 1. Plan for Planting the Breeding Plot to avoid In- 
Breeding. The numbers given in the ‘‘Guides” designate the field 
rows from which the seed ears are taken. (All even-numbered rows 
are detasseled.) 2 


Guide Guide Model Guide Guide Model 
Field | system | system | example Field | system] system | example 
row for for for an row for for for an 
No. even odd even No. even odd even 


years. years. year. years. years. year. 
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In this plan the breeding plot is considered by quarters. 
Fach quarter contains 24 rows and each row is planted with 
corn from a separate seed ear. All even-numbered rows are 
detasseled and seed for the next year’s breeding plot is taken 
from the six best yielding detasseled rows in each quarter, four 
ears being taken from each selected row, making 96 ears in all. 

For convenience we use the term ‘“‘sire seed,’ or “sire 
ears,” to designate the ears which are to be planted in odd- 
numbered rows to produce tassels (the male flowers) and to 
furnish pollen; and we use the term “dam seed” or “dam 
ears” to designate the ears to be planted in the even-numbered 
rows to produce future seed ears. Of the four seed ears taken 
from each selected field row, two are used for sire seed and 
two for dam seed. 

In the column headed “Guide system for even years” is 
given a key or guide, by which to work out the actual plan for 
planting in all even-numbered years, and under the heading 
“Model example for an even year” is given an actual plan 
which has been worked out, using four seed ears from six se- 
lected rows from each quarter of the breeding plot. 

In the guide system, for the sake of simplicity, we use four 
seed ears from each of the first six even-numbered rows in 
each quarter, a selection which would probably never occur in 
actual practice. | 

It will be observed that the dam seed ears for each quar- 
ter are ears which grew in the same quarter, while the sire 
seed is always brought from another quarter. For the first 
quarter (rows I to 24), sire ears are brought from the fourth 
quarter. For the second quarter, sire seed is brought from the 
third. In each of these cases sire seed is carried diagonally 
across the breeding plot. For the third quarter sire seed is 
brought from the first quarter, and for the fourth, from the 
second, the sire seed being carried lengthwise of the breeding 
plot in these cases. 

It will also be observed that there is a definite order of 
planting for “even years” and another definite order for “odd 
years.” Thus, in the first quarter, the even-numbered rows 
are planted in ascending order with dam seed selected from 
rows numbered: 2,610 45'S) fe =2 6 iO ie 
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The alternating even numbers are repeated in sets of three 
and six. The odd-numbered rows are planted with sire seed 
selected from rows numbered: 76, 80, 84: 78, 82, 86 =78, 82, 
86: 76, 80, 84. 

This is the same order as for the dams except that the 
two sets of three are reversed in the second set of six. The 
only change required for odd-numbered years is to transpose 
the two sets of six in planting the sire seed. Exactly the same 
system is used in each quarter of the breeding plot. 


ARRANGING SEED EARS FOR PLANTING. 

By referring to the “Model example for an even year” it 
will be seen that it becomes an easy matter to follow the “Guide 
system” in arranging seed ears for planting. Suppose, for 
example, that in 1905 the best six rows in the first quarter of 
the breeding plot are 4, 8, 10, 14, 16, 20. Then for the dam 
seed for planting the first quarter in 1906 these numbers, in 
ascending order, are to be substituted for the numbers 2, 4, 6, 
8, 10, 12, which are given in the “Guide system.” 

‘ive Pore ecuopsiiturce 4° for 4, substitute 8; for 6, 
substitute 10; for 8, substitute 14; for 10, substitute 16; for 
12, substitute 20. 

Arranging these for planting the field rows, we have: 


ROW GUIDE ACTUAL 
NO. SYSTEM. PLAN. 
2 2 4 
4 6 8 
6 10 10 
8 4 14 
10 8 10 
12 12 20 
14 2 4 
16 6 8 
18 10 10 
20 4 14 
22 8 16 
24 12 20 


If the best six rows in the fourth quarter of the 1905 breed- 
ing plot are 76, 80, 84, 86, 90, 92, then for the sire seed for 
planting the first quarter in 1906 these numbers are to be sub- 
stituted in regular order for the numbers 76, 78, 80, 82, 84, 86, 
which are given in the “Guide system.’ Arranging these by 
threes as indicated in the ‘Guide system” we have the order 
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for planting the odd-numbered rows in the first quarter: 
76, 84, 90: 80, 86, 92= 80, 86, 92: 76, 84, Qo. 

Thus we have both the dam and sire seed ears for the 
first quarter, arranged exactly as shown under the heading 
“Model example” in Table 1. The seed ears are arranged for 
each quarter of the breeding plot in a similar manner by fol- 
lowing the “Guide system” and substituting in regular ascend- 
ing order the actual numbers of the best yielding rows for the 
numbers given in the “Guide system” in Table 1. 

It will be seen that with this selection of best rows, as given 
in this “Model example,” we would take the four best seed 
ears from row No. 4 (1905) and plant two as dam ears in 
rows 2 and 14 and the other two as sire ears in rows 51 and 
69 (1906); we would take the four best seed ears from row 
No. 84 (1905) and plant two as dam ears in rows 78 and 
go and the other two as sire ears in rows 3 and 21 (1906). 

In arranging seed ears selected from the 1906 breeding * 
plot for planting the 1907 breeding plot, we are to follow the 
“Guide system” for odd-numbered years, again returning to 
the system for even-numbered years, for 1908. | 


MULTIPLYING PLOT. 

Seed for a multiplying plot of ten acres or more should be 
taken only from the selected rows of the breeding plot, and 
may include all good seed corn which is not required for the 
breeding plot. This seed may be mixed together and planted 
on the multiplying plot. The corn grown in the multiplying 
plot should be carefully protected from foreign pollen and all 
inferior stalks should be detasseled. The exact yield of the 
multiplying plot should be determined and registered. 


COMMERCIAL, FIELD. 

The seed for the commercial field should be only the best 
obtainable seed corn from the multiplying plot. ‘The exact 
yield of the commercial field should be determined and regis- 
tered. From the commercial field the finest ears may be se- 
lected and sold to the trade as pedigreed seed corn. 


PEDIGREE REGISTER. — 
The Experiment Station has adopted a form for registering 
the numbers and descriptions of all the seed ears used in corn 
breeding and also for recording their performance records. 


i 
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CORN REGISTER 
OF EARS PLANTED AND ROWS HARVESTED 


Bo eeder.. 


Distance between hills......... 


Variety ...... 


IN SEASON OF 


Number of hills in row............... 


Strain..... 


PERFORMANCE RECORD OF FIELD Rows 


DESCRIPTION OF INDIVIDUAL SEED EARS. 


“OTe1s UT. [IO 
yuUsIIVg 


UT Ute}01d 
yus010g 
‘MOI UL 

seo 
Joqmunu [e}0L, 


“O1e1s | 


*g10e 
tod sjeaysnqg 
10D 
‘MOI 
tod spunod 
D109 


‘ON MOL 
PIED 
Ul peel 


) 


Average yield multiplying plot } eae = 


) 
) 


(Year... 
( Year 
(Year.. 


ge yield commercial field 


| Avera 


‘OTeIsS UT 
{}o 
yusdI8g 


Ut utez01d 


“oTeis 
yusd190g 


*qoo 
jo v0ne10FmINS 
-119 ANG 


JO sdUueIeyMNS 
~119 du, 


*qoo | 


*q09 Jo sta 


"1e9 sons A 


STenIIy 
Joqmnn 
“sTeuIoy | 


“MOI UT | 


JO SMOI 
Joqmnn 
“1e9 
jo 90ueIOjuING 
-119 Ang 
*“1e9 
JO dUelsJMHS 
“119 dup 


“19 
JO YIsuN/7 


"ON: 
Ivo [enuny 


‘ON Weg 


‘ON 1078190 


Average... 


Remarks: 


12 


In this form there is provided space only for those measure- 
ments and data which now seem to be essential, as well as of 
general practicability in breeding up valuable strains of corn 
There are some extra columns which may be used for any spe- 
cial points upon which any breeder may be working. 


DESCRIPTION OF INDIVIDUAL, EARS. 

REGISTER NUMBER.—As soon as any ear is selected to be 
planted in a breeding plot, it is given a “Register Number,” 
which must, of course, represent that particular ear only and 
for all time. By using a certain system of numbering we are 
not only able to accomplish this purpose, but can show at the 
same time the year of its breeding or the number of its genera~ 
tion. This we do by starting the first year in the 100 series, 
numbering the ears to be planted in succession from 101 to 
148 and 151 to 198, and the second year starting the 200 series, 
running from 201 to 248 and 251 to 2098, and so on, starting 
each succeeding year with a higher hundred. 

Dam NumsBer.—The “Dam Number” is the “Register 
Number” of the parent ear and is useful in tracing the pedi- 
gree record from year to year back to the source. 

ANNUAL ELAR NuMBER.—In order to designate the 200 or 
more ears selected from the field, each one is given an “Annual 
Ear Number,” which runs in a series from 1 up to 200 or more. 
and the numbers should follow the order of the breeding rows. 
This number is only temporary, to serve while working on the 
corn for the final selection of seed ears, and when the seed ears 
are selected to be planted, each is given a permanent “Register 
Number,” as explained under that heading. 

LENGTH OF EAr.—This is the measurement in inches of 
the total length from butt to tip. 

Tip CIRCUMFERENCE OF FAr.—This is the measurement in 
inches at two inches from the tip end of the ear. 

Burt CIRCUMFERENCE OF E.AR.—This is the measurement 
in inches two inches from the butt end of the ear. 

NuMBER OF Rows oF KERNELS.—This is self-explanatory. 

NUMBER OF KERNELS IN Row.—This is the average num- 
ber of kernels in the row from tip to butt. 

WEIGHT OF EAR.—This is taken in ounces after it has be- 
come thoroughly air-dried. 
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WEIGHT oF CoB.—This is taken in ounces after it has be- 
come thoroughly air-dried. 

Trp CIRCUMFERENCE OF Cos.—This is the measurement in 
inches, two inches from the tip end. . 

Butt CriRCUMFERENCE OF Cos.—This is the measurement 
in inches, two inches from the butt end. 

PERCENT PROTEIN IN GraIn.—The Experiment Station 
is breeding some varieties in which every individual seed ear is 
subjected to an exact chemical analysis for the protein content 
of the grain, and this column is provided for the result of such 
tests. 

PERCENT Oi IN Gratn.—The Experiment Station is 
breeding some varieties in which a chemical oil test is made of 
each individual seed ear, and this column provides for the 
records of such data. 


PERFORMANCE RECORD OF FIELD Rows. 


PLANTED IN Frienp Row NumBer.—The field row or 
breeding row numbers should, for the sake of convenience, cor- 
respond with the register numbers of the ears planted; for 
example, ear “Register No.” 101 should be planted in “Field 
Row No.” 1. 

Corn Pounps PER Row.—The total yield of ear corn of 
every breeding row of the plot should be recorded in pounds. 

Corn BUSHELS PER AcCRE.—This is computed from “corn 
pounds per row,” and from the “distance between hills” and 
“number of hills in row,’ as recorded in the upper right hand 
corner of the sheet. The full number of hills per row should 
always be used in this computation unless otherwise noted. 
The number of pounds per bushel should be estimated as fairly 
as possible, depending upon the condition of the crop at the 
time of harvest. (Commonly 75 or 80 pounds are used. ) 

Totar, NUMBER OF Fars In Row.—This includes nub- 
bins, as well as good ears. The total weight of ears and the 
total number gives a general idea as to the average size. Some 
breeders also desire to record the number of good seed ears pro- 
duced. Such records can be placed in the blank columns. 

PERCENT OF PROTEIN IN GRAIN.—This column is provided 
for those varieties in which an exact chemical control 1s being 
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kept of the parent ears and their offspring, and for averages 
when seed ears are selected by mechanical examination. 

PERCENT OF O11 IN Grain.—The same note applies here 
as above. 

On the same sheet with the complete year’s record of the 
breeding plot appear the records of the multiplying plot for the 
same year, and for the next year following, and also the records 
of the commercial field for the sanie year and for the next two 
years. If the record sheet is for the breeding plot for 1904 it 
is important to finally record on the same sheet the record of 
the multiplying plot for 1905, and of the commercial field for 
1906, and for convenience and comparison it is well to record 
on the same sheet the yield of the multiplying plot for 1904, 
and the yields of the commercial field for 1904 and 1905. If 
a breeding plot were started in 1904, the breeder could have 
both a breeding plot and a multiplying plot in 1905, and a 
breeding plot, multiplying plot, and commercial field in 1906; 
and from the 1906 crop on the commercial field he could sell 
seed corn with a registered pedigree of three years, one year in 
the breeding plot, one year in the multiplying plot, and one 
year in the commercial field. In 1910 he could sell seed corn 
from his commercial field with a registered pedigree of seven 
years—five years in the breeding plot (1904, 1905, 1906, 1907, 
and 1908), one year in the multiplying plot (1909), and one 
year in the commercial field (1910). 

At the bottom of the corn register sheet is a space under 
“Remarks,” in which any irregularities concerning the data of 
the sheet may be explained; or there can be placed here any 
short notes that it may be desirable to record in regard to the 
soil of the plot, the weather, or any other conditions affecting 
growth. 

These corn register sheets may be secured upon application 
to the Experiment Station by any Illinois farmer who wishes 
to start a breeding plot. 


THE EXPERIMENT STATION HAS NO SEED Corn FOR SALE. 


On account of the numerous calls that are constantly being 
received by us for seed corn, it is thought well to explain here 
that the Experiment Station has no seed of any kind for dis- 
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tribution. It is the particular province of the Experiment 
Station to investigate and to demonstrate principles. Others 
make the commercial application of these principles whenever 
they are proved to be of commercial importance. 

For the sake of the definite knowledge to be gained, inves- 
tigations are often carried on to determine what we should 
avoid doing in practical agriculture, as well as to discover 
what we should do for improving agricultural conditions or 
practices. The station has demonstrated the possibility, through 
selection and breeding, of improving corn both as to yield and 
as to quality. Marked changes have been produced in the com- 
position of corn. We recognize the fact, however, that there 
may be a limit beyond which these changes in composition 
cannot be carried without interfering with the physiological 
functions of the seed and plant to the extent of impairing the 
yield. Therefore these experiments are being carried on still 
farther to determine if possible where the danger limits lie, in 
order that we may be able to point out such limits to practical 
corn breeders who follow along in these lines of corn improve- 
ment. 

For our first experiments in corn breeding, which began 
some eight years ago, we selected a variety of corn of medium 
size and of safe maturity for this latitude with which to work 
out methods, and to ascertain the possibilities of corn improve- 
ment. ‘This variety was well adapted to our purpose, but it 
was not one of our largest or highest yielding varieties of corn. 
This preliminary work was necessarily carried on on a small 
scale and the original experiments are still being continued on 
about the same scale. While we have definitely determined, 
for example, that the protein of corn can be increased by breed- 
ing; we now wish to determine whether this might be carried 
to such an extent as to result in impaired constitution or vigor 
of growth or reduced yield. If there is such a danger point, 
then the Experiment Station should discover the fact before it 
is actually reached by the practical corn breeders. 

As soon as we had demonstrated that the improvement of 
corn by breeding was both possible and practicable, a consider- 
able number of the most successful seed corn producers in IIli- 
nois adopted our methods of corn improvement, and for sey- 
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eral years they have been systematically breeding corn on a 
large scale. Thus it happens that while the methods and prin- 
ciples have been worked out and demonstrated by the E;xperi- 
ment Station on plots of less than one acre in size and with 
corn of medium size and yield, the commercial seed corn breed- 
ers are now applying these principles to hundreds or even to 
thousands of acres, and while they began some four years after 
the first experiments were undertaken by us, they began with 
all of the different leading varieities of corn grown in the state, 
and, moreover, they are breeding different varieties of corn es- 
pecially adapted to different sections of the state. 

Furthermore, several members of the Illinois Seed Corn 
Breeders’ Association, recognizing the importance of producing 
corn especially adapted to special purposes, have taken up the 
work of improving the quality of their varieties along different 
lines, following the methods established by the Experiment 
Station. Thus they are breeding first for improvement in 
yield, and, second, for improvement in composition. Some of 
them are breeding to increase the protein content, and others 
to increase the oil content in their corn, while some varieties or 
strains are being bred for a combination of high protein and 
high oil. 

There is another point which has a bearing on this work, 
namely, we selected a variety of corn of average composition ; 
and from this we began breeding in several different directions, 
one for high protein and one for low protein, another for high 
oil and still another for low oil. This variety of corn was not 
especially high in protein when we began with it, not so high, 
in fact, as some other varieties which we were growing at the 
time and which are now being bred for high protein by some 
of the Illinois seed corn breeders. | 

For information concerning Illinois Seed Corn Breeders 
and the varieties of corn they are breeding, the reader is re- 
ferred to their secretary, Mr. John R. Clisby, Arcola, Illinois. 


UNIVERSITY OF ILLINOIS 


Agricultural Experiment Station. 


» 


URBANA, APRIL, 1904. 


CIRCULAR NO. 75. 


FEEDING DAIRY COWS. 
By Wilber J. Fraser, Chief in Dairy Husbandry. 


1. Secure the rough fodders in the best. possible condition and 
use them liberally, as they are much cheaper than concentrates. 


2. Feed concentrates in proportion to the milk flow. 
3. Study and supply the individual needs of each cow. 


Before man had control over animals and they became domesti- 
cated, there were no highly specialized forms, and when they roved 
wild on the prairies or in the forests, the problem of the particular 
kind and character of their food supply was not an important one for 
they were not expected to draw loads of several tons weight, or to pro- 
duce the abnormal yields of milk that are given by the highly 
developed dairy cows of today. However, after man domesticated 
animals and began to develop breeds suited to special purposes, as 
draft, speed, beef, or milk, the question of their food supply became 
an all important one, for in order to secure the best results their food 
must be adapted to their special needs. 


One fact of great importance, and which must not be lost sight of 
in economical feeding, is, that the amount, kind, and character of the 
food an animal requires depends entirely upon the use to which that 
animal is going to put the food. A cheap team may be kept through 
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an idle time on akind of feed that would not be at all suited to the 
needs of a racehorse during the training season, or of a valuable cow 
yielding 100 pounds of milk a day during an official test. 

In order that a cow may produce the greatest yield of which she is 
capable she must be given the right kinds of feed and the correct 
amount of each. There is little use in paying high prices and estab- 
lishing a good dairy herd unless careful attention is to be given to the 
amount and character of the feed, for however well bred and efficient 
the individuals they cannot give in their product what they do not 
receive in their food. : 

The nutrients contained in all feeding stuffs, as well as in animal 
bodies and in milk, may be divided into five classes as follows: 
Water. 
Ash, (mineral compounds. ) 
Protein, (nitrogen compounds. ) 
Carbohydrates, (starches, sugar, etc.) 
Fats, (or oils.) 
While an ample supply of pure water is one of the first requisites 
of good stock feeding, it is usually supplied in abundance at compara- 
tively little cost and will not be considered further in this discusion. ~ 


Ash or mineral matter is present in all feeding stuffs in sufficient 
quantities so that an animal properly nourished with the other con- 
Stituents is sure to receive enough mineral matter: we will, therefore, 
pass this group of substances also. 

PROTEIN. 

Protein is the name applied to the constituents of feeds which 
contain nitrogen, and feeding stuffs which are rich in this element are 
frequently called nitrogenous feeds. Among these are: oil meal, cot- 
ton-seed meal, gluten meal, and the legumes, as cowpeas, alfalfa, and 
clover. The white of an egg, the lean part of meat, and the casein of 
milk are all good examples of protein. 

The principal uses of protein in. the body of the cow are to build 
muscles, replace their waste, and form caseinjin milk. ‘There are two 
“reasons why special attention should be given to the amount of pro- 
tein contained in the different feeds: first, because it is usually defi- 
cient in feeds for dairy cows; second, because no other nutriment 
answers the Same purpose. 

CARBOHYDRATES. 

Carbohydrates is the name applied to the carbonaceous group of 
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Substances such as starch, sugar, and the woody parts of plants known 
as crude fiber. This group forms the larger part of the food consumed 
by animals, as we shall see later. Carbohydrates furnish energy to 
perform the body functions and for the muscular activity. The heat 
of the body is the result of energy expended. It takes a large amount 
of energy to build up a product like milk. If carbohydrates are fed in 
excess of the demands for energy, fat may be stored up in the body. 
In the case of the dairy cow, carbohydrates, besides supplying the 
above requirements, furnish the constituents for forming milk sugar 


and fat in milk. 
FAT. 


Every one is familiar with fat in its different forms; as tallow in 
the steer, lard in the hog, and butter fat in milk. In corn there is 
about 4.3 percent of fat, or oil, and in flaxseed a much larger propor- 
tion, while in most of the rough fodders there is comparatively little. 
Fat in the food nourishes the body in exactly the same way as do car- 
bohydrates: namely, furnishes energy and forms fat. The chief differ- 
ence between fat and carbohydrates is that the former is a more 
concentrated form of food, one pound being equal to 2.4 pounds of 
carbohydrates. It should be remembered that fat and carbohydrates 
are interchangeable, that is, whichever one is in excess may take the 
place of the other, but it must also be borne in mind that however 
great the excess of carbohydrates and fat in the ration, no more 
muscle can be formed in the body, or casein produced in the milk than 
there is protein in the food supplied. In other words, where protein 
is in excess it can take the place of carbohydrates and fat, but no 
amount of carbohydrates and fat can take the place of protein in the 


least degree. 
DIGESTIBLE NUTRIENTS. 


The digestibility of the different constituents of feeds is of great _ 
importance, as Only that portion of feeding stuffs which passes into 
solution during the process of digestion and is absorbed into the blood 
is of value in nourishing the animal. This portion of the various 
feeds is known as the digestible nutrients. 

The difference between the total nutrients and the total digestible 
nutrients is marked: for example, by referring to feeding tables we find 
that in 100 pounds of clover hay there are 12.3 pounds of protein, but 
of this only 6.8 pounds are digestible and can be used to nourish the 
animal. The digestible nutrients are, therefore, the only ones consid- 
ered in making up rations. 
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TABLE 1. DIGESTIBLE NUTRIENTS REQUIRED PER DAY FoR A 1000- 
POUND Cow FOR MAINTENANCE AND FOLLOWING YIELDS. 


Protein, Pa “| Fat, | Nutritive 
lb ’ lb. ratio. 
lb. 

For. maintenance. 2.02 4... 822%. Bi ef, Pa 1 108 
10 Ib. milk SOLA nuk She ae 1.10 8.81 24 dees BS 
10 A Ee ae iy. Per Peters Aa 9.16 .26 1 8.4 
LO a er ee ae eee 1.24 9.51 .29 es 
20:1 Ds mi lke wea ee ee 1.49 10.62 or B hee 7 js 
ZOE TAGs ee bes Be a eee ae 1.63 1Liz32 42 bts TG 
20 es es 4 2 SWat ae anteeate mone sey! 12.02 AT is o8 ied 
30 lb. milk De AAU are G. can naa 1.89 12,43 Pst yee et 
EP: MERE Dee a D's ceed 2.10 13.48 .08 Tis isk 
SOS eo 3 5S eat eee eee ok 4753 .66 Lhe poe) 
40 IDA MKS? Tat see eens 2.29 14.24 64 pee ay 
AO SS OE TAGE ee ee a apt 15.64 74 NEG are: 
AQ age cig eee Sok Sia ean ae 2.85 17.04 84 Li26 
SUL Deak ceed or eee ae eee 2.68 16.05 .78 Ue Fh 
DO ha A EY eS 8) ene 303 17.80 .90 Tare GG 
DO le oft oe ee ee Se 3.38 19.55 1.03 1256-5 
GO Mo mitk ese fates soe eee 3.08 17.86 92 ERetce 
iI MOAI’ 5 Pecks Wenn ee ia a Soot) 19.96 Ly Lien G4 
GO EE as S50 Sia tet eee ree 3.92 22.06 ae es 


Much careful study and investigation has been devoted to the 
question of determining the amounts of digestible protein, carbohy- 
drates,and fat needed for cows of different weights and varying yields. 
To Professor T. L. Haecker belongs the credit of securing the data 
from which Table 1 has been computed. 


‘In all animals there is a constant breaking down of the body 
tissues caused by wear, and there is energy expended in keeping up the 
vital processes and in maintaining the body temperature. The food 
used to rebuild worn-out tissues and to furnish heat and energy when 
the animal is at rest is called the food of maintenance. If a 1000-pound 
cow is producing 30 pounds of 4 percent milk she will require digesti- 
ble nutrients about as follows: 


Protein, peuony > Kat, 

b. TES akan 

Maa OUSNANCCg. kt. the, Aadays se ees 7 7 ri 
eel prouuesncs0 laote4emilk — 2). giiy's 5 1.40 6.48 48 
Total nutrients required for maintenance and milk... . 2.10 13.48 08 


A cow of the same weight producing 40 pounds of 4 percent milk 
will require a ration containing 2.57 pounds protein, 15.64 pounds 
carbohydrates and .74 of a pound fat. If her yield were 50 pounds of 4 
percent milk her ration should contain 3.03 pounds protein, 17.80 
pounds carbohydrates and .90 of a pound fat. 


In feeding dairy cows, the fact that they should be fed according to 
their milk production, is frequently overlooked. A cow capable of 
producing 60 pounds of 4 percent milk a day must be fed a much 
larger amount of digestible nutrients, if she is to produce her greatest 
yield, than a cow giving only 10 pounds of milk testing 3 percent. This 
point should be strongly emphasized, for a cow cannot give in her pro- 
duct what she does not receive in her food. By referring to Table 1 
the nutrients required for any yield of milk may be easily determined. 
If the cow weighs more or less than 1000 pounds a proportional in- 
crease or decrease in the food for, maintenance should be made. . 


From the weight of a cow and the amouni of milk she will produce 
on liberal feeding the required nutrients may be determined. The 
next step is to select such feeds as will best supply these nutrients, 
We will take, for example, a 1000-pound cow producing 30 pounds of 4 
percent milk, and by referring to Table 1, find that she requires 2.1 
pounds protein, 13.48 pounds carbohydrates and .58 of a pound fat. 


If one wishes to feed clover hay and corn and cob meal he can 
make up a trial ration by taking 15 pounds of clover hay and 8 pounds 
of corn and cob meal. The nutritive value of each of these feeds can 
then be found from the table on page 15, which gives the amount of 
digestible nutrients in 100 pounds of the different feeds. _ We find that 
100 pounds of clover hay contain 6.8 pounds protein, 35.8 pounds car- 
bohydrates and 1.7 pounds fat. Dividing each of these amounts by 100 
we have the digestible nutrients in one pound; multiplying by 15 we 
have the digestible nutrients in 15 pounds, which are 1.02 pounds pro- 
tein, 5.37 pounds carbohydrates and .25 of a pound fat. In the same 
manner are found the protein, carbohydrates and fat in 8 pounds of 
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corn and cob meal, and taking the total digestible nutrients in the 
given amounts of each of these substances we have the following trial 


ration: 
RATION A. 
_Digestible nutrients. 
» |Carbohy- 
Protein 7 Fat 
Lb. | 1b; 92) 05 Sea 
Ib. 

CIOVEL SHAY ty eae eves oem aoe een eter 15 1.02 5 37 20 
Worn ANG COD Nes iw, come «on en ee ee 8 30 4.80 23 
a hak 
Lobal BU brie nts in TALI Ol Sen een ed mee Lat 10.17 .48 
Nutrients required for a 1,000-lb. cow giving 80 lb. 4% milk 2.1 13.48 58 


By comparing the total nutrients in this ration with the required 
nutrients for a cow producing 30 pounds of 4 percent milk, it is found 
that the ration is deficient in both protein and carbohydrates. To 
bring the nutrients up to the amount required we try adding six 
-pounds of bran and the ration is then as follows: 


RATION B. 


Digestible nutrients. 


Protein, 
Cb. ibe Oe 1b. 


CIOVELATAY | Fee op ees ay boa cecace 15 1.02 Dave 9) 
Gon and Cobimeals Fenn ee a 8 85 4.80 o 1 oes 
Bran hae elie athe tics wha Cate 6 le 2.35 16 
otal nutrients in ration. 2242 se ee 2.10 12.52 64 
Nutrients required for a 1,000-1b. cow giving 30 lb. 4% milk 2.10 13.48 08 


The amount of protein, carbohydrates, and fat now corresponds 
closely enough with the nutrients required, for all practical purposes. 


If one wishes to feed clover hay, corn silage, corn meal, and 
ground oats, he can make up a trial ration by taking 8 pounds of | 
clover hay, 40 pounds of silage, 4 pounds of corn meal, and 4 pounds of 
ground oats. The nutritive value of each of these feeds can then be 
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determined from the amount of digestible nutrients in 100 pounds 
given in the table on page 15. Taking the digestible nutrients in 
the given amounts of each of these substances we have the following 


trial ration: 
RATION C. (Trial ration.) 


Digestible nutrients. 


Protein, ones Fat, 

Lb. ib. er ely 

1b: ; 
OMe RAUL hs eat ho eer EL we he. 8) Yes 8 o4 2.86 14 
MOL cMaretsrrale tees Boer a. fe 40 36 4.52 .28 
MPT er i. Sewanee: Wee ts aa, 4 1 201 PLT 
“SITES tH Ets ee mh aS 0 4 POT 1.89 ali 
PPOtA OU errenns Im TAaulon o.). .<..> to. 1.58 11.94 £76 
Nutrients required for a 1,000-lb. cow giving 80 1b.4% milk} , 2.10 13.48 | .58 


By comparing the total nutrients in this ration with the required 
nutrients for a cow producing 30 pounds of 4 percent milk, it is found 
that the ration is deficient in both protein and carbohydrates, but 
needs a larger proportion of protein than of carbohydrates to bring the 
nutrients up to the amount required. Adding one pound each of corn 
meal, ground oats, and linseed meal, we have ration D, which is a 
good economical ration and fulfils the desired requirements. 


RATION D. 
Digestible nutrients. 
“ateiy, |Carbohy- 
Lb. eau drates, nee 

i lb. ; 
BOVE meee reece a pg Gis isle e s 8 4 2.86 14 
PErinc led men SG oe ore. oo Se 40 36 4.52 28 
(CUURLO NGA oe ie Kae ee ee 5 39 3.34 22, 
| SDE SATS CANE IE Sy ee gn me oer oa Sue Pee 5) 46 2.36 rash 
Bree CITC Pt cies yo Pe esi! gee, Se ns we 1 29 oa O7 
UAB NUULIONTSuth rations 605. ete. ese 2.04 13.41 92 
Nutrients required for a 1,000-lb. cow giving 30 1b, 4 % milk 2 10 13.48 08 
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NUTRITIVE RATIO. 


Since protein on the one hand and carbohydrates and fat on the 
other serve different functions in the body, the relative amount of 
each should be carefully considered, and the ratio of the protein to 
the carbohdrates, which is called the nutritive ratio, is determined in 
the following manner: The value of a pound of fat in feeds has been 
found to be 2.4 times that of a pound of carbohydrates, and as fat 
nourishes the body in the same way as carbohydrates, the amount of 
fat is multiplied by 2.4 and added to the carbohydrates; this sum 
divided by the amount of protein gives the ratio of the protein to the 
carbohydrates, and is known as the nutritive ratio. 


This may be illustrated by taking the total digestible nutrients in 
trial ration C on page 7, which contains 1.58 pounds protein, 11.94 
pounds carbohydrates, and .76 of a pound fat. 


.16 of a pound fat «K 2.4 = 1.82. 
11.94 pounds carbohydrates + 1.82 = 13.76. 
13.76 — 1.58 (amount of protein) = 8.7. 


Since there are 8.7 times as much carbohydrates as protein in this 
ration, the ratio is as 1: 8.7; which is known as the nutritive ratio of 
this ration. 


After adding one pound each of corn meal, ground oats, and lin- 
seed meal, we have ration D which contains 2.04 pounds protein, 13.41 
pounds carbohydrates, and .92 of a pound fat. The nutritive ratio of 
this ration, found in the same manner as before, is aS 1 : 7.6, which is 
nearer the ratio of the digestible nutrients required for a 1000 pound 
cow giving 30 pounds of 4 percent milk, as given in Table 1. 


BALANCED RATION. 


If the protein and the carbohydrates are in such proportion as will 
best suit the needs of the animal the ration is said to be balanced. 
If the amount of protein in the ration is small in proportion to the 
carbohydrates the ration is called wide; if the amount of protein is 
large in proportion to the carbohydrates, the ration is called narrow. 


Since the needs of different animals vary greatly, it will be seen 
that a ration which is balanced for one animal or class of animals may 
be decidedly too wide or too narrow to be economical for another 
class. Young and growing animals and cows producing a large flow of 
| milk require a much larger proportion of protein, or in other words a 
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narrower ration, than animals after they have completed their growth, 
or cows when giving a smaller flow of milk, or entirely dry. The 
difference in the amount of protein required by cows giving large and 
small flows of milk may be seen by referring to Table 1. 


In feeding dairy cows several things must be considered besides 
the amount of digestible nutrients contained in the feed. The ration 
must be palatable and of such a nature that a cow can eat a sufficient 
quantity to supply her needs. 


* There is enough nutriment in 300 pounds of oat straw for a cow 
giving 60 pounds of 4 percent milk, but it would be absurd to expecta 
cow to produce such a yield on oat straw alone, as her capacity could 
not handle more than one tenth this buik in one day. The concen- 
trates, too, must be in the proper form to be best utilized by the cow. 
To get the most out of grains they should be ground, for the mastica- 
tion is seldom, if ever, complete enough to break all the kernels, and 
those passing through the digestive tract unbroken are of no use to the 
animal and are, therefore, wasted. ‘This difficulty may be partially ob- 
viated by mixing the grain and coarse fodder together. By feeding 
oats in the sheaf, or in the form of hay, or by mixing chopped hay 
with the grain it will be much more thoroughly masticated, as grain 
eaten with roughage passes to the rumen and is remasticated in chew- 
ing the cud. 


RATION E. Roughage not palatable and Concentrates too heavy. 


Digestible nutrients. 
Protein, ear Fat, 

Tob: lb. Sig ae Ca Hate 

lb. 
UO EEMNERATONT CTy ere Oat eer om icy fe Fats 10 7 ok | OOF 
PO BUMEOUA Wine ea ln erin ie. oie itie, ele fe 7 .08 2.70 .06 
LOUIS) GUNS ER D2 8 a RD lO ele er 8 | 62 5.34 34 
Pet SO PU MIG te IN sek ose ese eters ee lode 4 1.13 1.60 all 
Tora NUCTICnts 10 FaGlOM sc... a woes 2.00 12.88 58 
Nutrients required for a 1,000-1b. cow giving 80 1b. 4 % milk 2.10 13.48 08 
Nutritive ratio of ration E, 1: 7.1. 


It will be seen that this ration is correct so far as the chemical 
composition is concerned, but that the roughage is lacking in palata- 
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bility so that a cow will not relish it, and the concentrates, while 
highly nutritious, are what dairymen call too heavy. Oil meal is so 
highly concentrated that it should not be fed in large quantities. This 
ration should be lightened by adding some light bulky concentrate, as 
bran or ground oats, and made more palatable by substituting oat hay 
for oat straw. After making these slight changes we have Ration 
F, which is lighter and more palatable, yet contains practically the 
Same amounts of the different digestible nutrients. 


RATION F. An Economical Ration. 


Digestible nutrients. 


Protein, |CAT>OhY-| pat, 
Lb. lb, page rs 
Ib. 
Corn SiG VCTS a 7. ten. ee en neta 10 a 3.24 .O7 
Oat hayis.nt hea, eae eee 7 30 3.25 sat: 
Gorn snieal 99. Fe eee eae ee Se 6 47 4.00 26 
LS TRY p.ge ae eet eee satee ed ce ce eee 6 273 2.35 16 
Linseed neal sNe ieee ra a See 1 28 40 .03 
Totabnutrients tn: tablon). 2 sees 1-95 13.24 .63 
Nutrients required for a 1,000-1b. cow giving 30 1b.4 % milk 2.10 13.48 | 08 
Nutritive ratio of ration F, 1: 7.6. 
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EXAMPLES OF PRACTICAL, ECONOMICAL RATIONS. 


The rations given below are compounded So as to be palatable and 


at the same time have the proper chemical composition. 


They are 


suited to the needs of a 1000-pound cow giving 30 pounds of 4 percent 
milk, the same as the preceding ones, the requirements being 2.10 
pounds protein, 13.48 pounds carbohydrates and .58 of a pound fat. 


RATION G. 

Digestible nutrients. 

Protein, Sau bY-| Wat, 

Lb Ib. hots pal 

Ib. j 
CHORES ae fen BM me a ire ec ea ae ae 12 .82 4.30 20 
VCGPA OST UN SOP SS Ree aka ee pe ee ae 40 36 4,52 .28 
POLO A mgt se eae Pesets Cate el Ske 2 16 133 09 
Ce ashe Cr es Sa ae ie ec ORE ae Weak 2 18 95 08 
TS lye a et cee eee ae 2 24 718 05 
(OpUe LIGNC eee says oe oe ope ote es, it 26 .43 aii 
apa eG EIC NUS tek ae aca eC Peo ene 2.02 Tea 81 

Nutritive ratio, 1 : 7.5. 
RATION H. 
Digestible nutrients. 
.  |Carbohy- 

Protein, Fat 

‘| drates, ' 

Lb. Nes ib. lb. 
Pe MAE Oras a tne We Ce, yh ce 30 pa 3.39 (02 
CON IGeY Berge ee nk eg Oe wre aha el oes iat eG 2.70 .08 
SC IAN Ne = acti d ek ogre aks Midge 7 0) B20 10 
erie riCGICOM Meal. o 8 obo! wc) «ks ee 5 oe 3.00 14 
1234 Ree eer ge ae iit 3 2 Sa: aa Pe a Re 3 Sea 1.18 .O8 
MEST CISIITC Aiea Pires siege hs eva ile Rests 1 28 40 .03 
ob AMM UL OU ROT US Le Weis ver 0. 4) S Sd ede ee 2.20 13.92 45 


Nutritive ratio, 1 : 6.8. 
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RATION I. 
Digestible nutrients. 
Protein, epee "| Fat, 
Lb Ib eae Sanh 
. . lb. . 
OCOIN:StOYEl.c Ce  Beeee 10 sal 3.24 .O7 
ClOVEr-DBY Seo. os oe renee ne ete Ree ee 8 4 2.86 14 
Oat hayes 6 Ae eres ae ae Ree ee 8 34 Soin 12 
COT ANCL CODER ts ae eee Es 22 3.00 pir 
Bran 428s Gn cece es wheter eee ee eee ee Zz aA: .78 .05 
Cobtton-seecsmen lic aa vee ae ee 2 .74 34 24 
Total nutrients..... he ee 2.25 13.93 716 
Nutritive ratio, 1: 7. : 
RATION J. 
Digestible nutrients. 
.. |Carbohy- 
P " 
a, | Pate" | diately 
lb. 
Corn-SbOVER 2 .ares too se eee 10 ay: 3.24 .O7 
Cowpea: Nay <r 10 1.08 3.86 CEs 
Gorn mma sobimeal:, 4.5 oe eee it a4) 4,20 .20 
BEAM aay toes on eee, Cee en eee 4 .49 1-57 ALE 
Total Nutrients =e Seen ee eee 2.05 12.87 .49 


Nutritive ratio, 1: 6.8 


The farmer should, as a rule, aim to raise the greater portion of 
the feed for his stock on the farm. Since rough feed is usually much ~ 
cheaper than grain, too much importance cannot be placed on securing 
hay and fodder in the best possible condition. If hay is unduly ex- 
posed to dew and rain during the time of curing it loses much, both in 
nutrition and palatability. It is also important that hay and fodder 
be cut at the proper stage, before becoming too ripe and the stems 
woody. 


Leguminous plants, (those bearing their seeds in pods or legumes, ) 
as clover, alfalfa, cowpeas, beans, etc., are rich in protein and should 
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be raised in sufficient quantities to supply the necessary protein for the 
stock. If the supply of protein is deficient some feed rich in that sub- 
stance should be purchased to complete the ration. 


Grain feed should not usually compose over half the ration, and 
from that to nothing, according to the character of the roughage avail- 
able and amount of milk given by the cow. In general it is a safe rule 
to feed liberally on good roughage and vary the grain feed to suit the 
requirements of the individual. 


-When cows have luxuriant pasture during the late spring before 
the heat is excessive or the flies troublesome the conditions are as 
near ideal for dairy cows as it is easy to obtain. The nearer we ean ap- 
proach these conditions the year around the better for milk produc- 
tion. It is, therefore, essential to the best yields and most economical 
results that succulent food be provided for cows during the winter 
months. There are two ways of providing this Succulent food—by sil- 
age and by root crops. _ 


By comparing the results obtained at several different experiment 
Stations it is found that corn commonly yields about twice as much 
nutrients per acre aS do root crops. Since roots require much more 
hand labor, which is so expenSive in this country, it is more economi- 
cal for the Illinois farmer to get the succulent feed during the winter 
from corn silage than from root crops. 


Silage is especially valuable on farms or in communities where 
rough feed is scarce, for more stock can be kept on a given area of land 
where the crops are made into silage than in any other way with the 
Same amount of labor expended. No farmer keeping ten or more cows 
can afford to be without a silo. 


GREEN FEED FOR SUMMER DROUGHT. 

“Dairymen suffer greatly nearly every summer by not supplying 
proper green feed for their cows during the hot dry weather of mid- 
summer. This shortage of feed comes at a very inopportune time 
since the cows are already beginning to feel the effect of the heat and 
flies which of themselves quite perceptibly lessen the flow of milk, and 
if feed is cut short at the same time the shrinkage is certain to be 
large, resulting in great loss, for it is practically impossible to restore 
the shrinkage during that period of lactation. A continuous supply 
of feed is equally essential to the successful maintenance of young and 
growing animals. 


e 
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A pasture will carry much more stock during spring, early summer 
and fall than it will in the dry weather of mid-summer. By helping it 
out during this season with partial soiling the cattle have better feed 
and more stock can be carried on a given area than by pasturing alone. 
Such crops should be planted as will mature in proper succession with 
each in its best stage of growth, insuring a continuous supply of green 

.feed during the dry season. 


TABLE 2. CROPS FOR PARTIAL SOILING DURING MIDSUMMER. 


Amount | Approxi- 


Bi re Approximate 
Kinds of fodder. of seed | mate time | ,. ; 
peracre. | of Seeding. time of feeding. 
1. Corn—early. sweet or dent.} 6 quarts May 1 July 1—Aug. 1 
2. Corn—medium dent... .| 5 quarts May 15 Aug. 1—Sept. 30 
So COW DCas a witeas okt 1 bushel May 15 Aug. 1—Sept. 30 
A STV DEALS. ne seh es eae 1 bushel May 15 Aug. 1—Sept. 15 
5. Oats and Canada peas (each)| 1 bushel April15 | July 1—July 15. 
6. Oats and Canada peas (each); 1 bushel May 1 July 15—Aug. 1 
7. Rape (Dwarf Essex) ....| 4 pounds} May 1 July 1—Aug. 1 
8. Rape, second sowing... .| 4pounds!} Junel Aug. 1—Sept. 1 
9. Rape, thirdsowing..... 4 pounds; July 1 Sept. 1—Oct. 1 
fs — 


For central and southern Illinois there is no crop that will pro- 
duce more feed to the acre than corn, and by planting a small quan- 
tity of an early variety with the general crop, corn may be had in the 
proper condition for feeding from July 15 until frost. There are 
several early varieties that will mature for feeding in from sixty to 
seventy-five days after planting. Corn should not be fed too young. 
When it is nearly full height it contains only one-third as much nutri- 
ment as when in the roasting ear. 


Some other crop should be fed in connection with corn to balance 
the ration and afford variety. Leguminous crops as clover, Canada, 
peas, cowpeas, soy beans, etc., are especially valuable for this purpose, 

being unusually rich in protein. 


Cowpeas and soy beans give a large amount of valuable forage, fur- 
nishing feed from the first of August until frost. If more feed has 
been grown than can be fed green, it may be made into hay of excel- 
lent quality. 


Oats and Canada peas yield well. They are not in condition to 
feed for more than two or three weeks but the supply may be length- 
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ened by sowing at different dates. If a portion becomes too ripe it 
may be utilized by making it into hay. 


If the pastures are short and no allowance has been made for 
green feed, corn cut from the regular crop, if it is near the roasting 
ear stage, will bring the best of returns. Never under any consider- 
ation aliow the stock to go hungry and suffer the losses incident to 
shortened feed at a time which for every reason is the most trying to 
live stock. 


Those who wish to study this subject further are referred to some 
of the standard books on feeding; among the best being ‘‘Feeds and 
Feeding’’ by Professor Henry, Director of the Agricultural Experi- 
ment Station, at Madison, Wisconsin; and ‘‘Feeding Farm Animals’’ 
by Dr. Jordon, Director of the Agricultural Experiment Station at 
Geneva, New York. The former gives a very compiete description of 
the results of feeding investigations both in this country and abroad; 
the latter is a well written popular treatise upon the subject of 
feeding. 


TABLE 3. AVERAGE AMOUNT OF DIGESTIBLE NUTRIENTS IN AMERI- 
CAN FE EBEDING STuFFS. FROM HENRY’S ‘‘FEEDS AND F'EEDING.”’ 


Digestible nutrients in 100 Ib. 
Carbohy- ; 
Protein, drates, Side 
; lb. i 
CONCENTRATES. 
Dei GCN Merrie cos eeeerebay Ghee kms * 7.8 66.7 4.3 
PSUVGOLMCOUEY satis Selo cig ae nl dees Zar se ots 8.8 63.7 7.0 
POLE COU MMCAL .2 ee pects 5 eves ws 4.4 60.0 2.9 
LO a eles ye dees ei er ey Ce ee T.4 59.8 4.6 
Cee UNDE L THIOL egestas erdeas ire oOo cece, Laake 25.8 43.3 11.0 
OPTIC han Peveee Siy eee ad Nae eae tel ws 9.0 61.2 6.2 
O-VIUMCE I yee es) cece Sete pe on « 26.7 38.8 12.4 
AILEY PuC LOLS ie meen Symes «Shas ae tewe ct. 3 71.0 50.2 6.8 
BUCCI k COU aha e. ke Forme thee sik ag s 20.4 48.4 8.8 
Ue GEA Oy oy Bee I an en Aa mr a 10.2 69.2 ee 
OV CAM OLATL weet. 200e eee a vas cs ste 12.2 39.2 2.7 
VO LESHOTLS wale c, <= wuss oe ha Ghee 12.2 50.0 3.8 
Peeteere eT Uitte © Nice tela. 5) ture A 12.8 53.0 3.4 
Lee Bee ea en ee rer 9.9 67.6 eels 
ey em Cite me Owe Yel cor een Rae ep 11.5 50.3 2.0 
TSO LCA MM ek eds: 11.9 45.1 1.6 
oA Le Ve mtibre re ween so gOS ies neo eae Bee 65.6 1.6 
Bre Wels sOlaine ns wWels ctr i) s 40) Caw 9) 9.3 1.4 
ISCO Wels e LadhnSeULletls 8... er et sateas eo 3653 5.1 
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TABLE 3—Continued. 


CONCENTRATES—continued. 
Oats ihe esos ae eee eee 
Oatvirecd7Or SROrtS tanks. ae ee eee 
Oat dust 
Oataniise eo Bicep ioe eo eee 


oO qe. oe. ©: Gs 7 Le ele ae The 280 6) meee 


Buckwheat. Dranasiwes- see oo eee 
Buckwheat middlings ......... 
Flax seed 
Lindseed meal. old process....... 
Linseed meal, new process. . ee 
Cotiontsecdh. 353 Fea ee eee 
Cotton-seed meal 
Cottons-seed nls 20. 2 ok eee 


i a 0) ey 20! ALO ie ae OS NB Set ROL a) 6 See ra 
@! 1605 1G, 4 e feel lee pa) (0 Sele we) La 


ROUGHAGE. 
Fodder corn, green 
Fodder corn, field-cured 
Corn stover, field-cured......... 


os 40 Je 8 Ce w me wl ee 


0) e oe) 16, Ce Boe. hie, See, 


FRESH GRASS. 
Pasture grasses (mixed). .i...... 
Kentucky blue grass 
Timothy, different stages . 
Orchard grass, in bloom 
Redtop, in bloom 
Oat fodder 
Ryettog dence, de si) a vee 
Sorghum 
Meadow fescue, in bloom.+...... 
Hungarian orass2e = ern. a eens ake 
(Freer Daria Vier Cee ee ace 
Peas. 80d Oats etn wees eee 
Peas and barley 


oe wee ee 6 Se 22 
© @)e ©) "e;_. 
© ier “eles ete Seale 
Oy Om re Wy ek OR he ha fs 5 


ow 8) 6 Oe es FES 6 OS ere pe Le 


a.) 6 se. fo. Tie 10). 'e- ee) 5 Oi 6 Oe eC a wy oe ae 


oer? elie ce) Been 8 he eS Se. rae 


Timothy 
Orchard grass 
Redtop 
Kentucky blue grass 
Hungariati rass sic. cde. eee 
Mixed grasses 
Meadow descnes 92 25) sie 2 ee eee 
poy-bean Nay Se ae ees ere 
Oat hay Sis Wei 2k ee ee 


@ eet he ue ee eee 0) 8 wf 6). 6) ue © ene ae 


e, 6 © “ewe we Fie Oo. ie) Ve. 0 ® 


0) Os eo Ae we 8. (Oe ELS ale ees et fe: ve F sie. ue: 


6 (@) a. 6 Nees pre. we ee te Se) fee 


Digestible nutrients in 100 Ib. 


Carbohy- 


Protein, drates Fat, 
y] 
Ib. 1b. lb. 
9.2 47.3 4.2 
12.5 46.9 2.8 
8.9 38.4 5.1 
133 40.1 0.6 
7.4 30.4 1.9 
22.0 33.4 5.4 
20.6 17.1 29.0 
29.3 32.7 7.0 
28.2 40.1 2.8 
12.5 30.0 17.3 
37.2 16.9 12.2 
0.3 33.1 it 
16.8 51.8 0.7 
29.6 22.3 14.4 
1a 54.2 pal 
22.4 49.3 1.2 
1.0 11.6 0.4 
2.5 34.6 1.2 
aby; 32.4 0.7 
yaa) 10.2 0.5 
3.0 19.8 0.8 
ile 2 19.1 0.6 
1.5 11.4 0.5 
2.1 21.2 0.6 
2.6 18.9 1.0 
2.1 14.1 0.4 
0.6 12.2 0.4 
1.5 16.8 0.4 
2.0 16.0 0.4 
1.9 10.2 0.4 
1.8 hee 0.2 
i T.2 0.2 
2.8 43.4 1.4 
4.9 42.3 1.4 
4.8 46.9 1.0 
4.8 37.3 2.0 
4.5 51. L3 
5.9 40.9 1.2 
4,2 43.3 bo 
10.8 38.7 15 
4.3 46, 1.5 
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TABLE 3—Continued. 


OUbo Cn Oro aI 


Digestible nutrients in 100 Ib. 
* Carbohy- 1 
ere drates, oe 
lb. ; 
STRAW 
VTE Lae tne wotetacso, seamen eek: 0.4 36.3 0.4 
Tesh AEs AS ee eg a 0.6 40.6 0.4 
A) A eee oan es in cake Bi ahs e ai~ ee 38.6 0.8 
ER LLO Vie are ced ates eae arena tN ae we 0.7 41.2 0.6 
FRESH LEGUMES. 
Red clover, different stages...... 2.9 14.8 0. 
VISiKerDIOOUIE ays . EER Sear aoe: 2.7 131 0 
MEUMIISON CLO Y Clr mete = ayes. oes a eh 2.4 Ont 0 
POLL SC cate eee we et carer Pee thes cal s! 3.9 LAK 0 
MO WIC AE eee is et cans 58 Seay ee) we 1.8 8.7 0. 
DOVECOT Re cece ot. see rutin oe 11.0 0. 
LEGUME HAY AND STRAW. 
TLEUCCLOVET MICO TUIMY SOR a eect ei as 6.8 35.8 Ver 
ReCcciover, mammoth... Sxctar es 5.17 32.0 1.9 
PIS CLOVOL Sr su Uiler *oltar sci eatin arene 8.4 42.5 155 
‘Vc 90 SoCo LON As) hee ae alae aietar ta estar Fe oo a Na a 42.2 1S 
CEMNSOMCIOVER > ..0) as chaieee oe wt 10.5 34.9 Lez 
SUICWD Py DOREY SS PRAGA OED Oe ae 11.0 39.6 1.2 
SHUR ELeoR cs Bea pat we eae ane eee mm 10.8 38.6 tha! 
DOV OCA SULAW pater ui chs: sink 9 Xp as 2.3 40.0 1.0 
Cen here Ula Wistims to oa" fet oe el eaten 4.3 32.3 0.8 
SILAGE. 
CET eres ae Os Se Eiko ie Mag ee 0.9 11.3 0.7 
RDS GT a a Ca ten ae near an a 2.0 13.5 1.0 
ela utd ¢ ULE Pesan ess ne gre ee Pe 0.6 14.9 0.2 
PTC teeta te. ah eage a. ceed. ots 3.0 8.5 1.9 
(SUE See ie ene, Sa are eae Boat Oo 1.9 13.4 1.6 
DOVE ey Cerne rea re karte Ana he Ty 1.5 8.6 0.9 
SOs TON “a 2 Meron eee ny teat oa raat 8.7 i 
Barnyard millet and soy bean..... 1.6 9.2 0.7 
COrmiancsoy Dean, i's chk, & eel 1.6 13.0 0.7 
_ ROOTS AND TUBERS. 
OM UO CMe Mee ES Slit ee Meh yer et 0.9 bss 0.1 
OBS Al data ih ot hal OW ata e> teeny eo isl 10.2 Och 
TENS OO Wa) 24 et fe ie at ogee arm iat 5.4 0.1 
VETS bri hg NUN GS Ry ole es ait ee nes oa 1-0 fem 0.2 
Tit Sel AS Mie Rene ce Lea eee. Ls 1:0 8.1 0.2 
AEs et ee aie eo ane he eee se 0.8 7.8 0.2 
JEP WR Sta 8 ic dagen ORR ger pier an ey ates 1.6 11.2 0.2 
ENTE SIE ORAS OS AEN 0 eae, aaa 2:0) 16.8 0.2 
MISCELLANEOUS. 

ONE Clem We lan Terence ss sd mils 1.8 8.2 0.4 
eMC Ol wet ee ae le ows es 1.0 5.8 0.3 
Me AU OCI to) eo Sa woe ets Lets 1.4 8.3 0.8 
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TABLE 3—Continued. ‘a 


Digestible nutrients in 100 Ib. 


Protein, eee. Fat," 
b. ities lb. 
MISCELLAN EOUS—continued. 
Prickly COMLT Cyan une tess, Tete 1.4 4.6 
eae un wae oe ae ay alee ate loan Geran ee 1 8.1 
Dried plod, gaat. S sacacs cee ere eee 52.3 0 ; 
Nat. SChEAD trees H". Urea See ee 66.2 oO 1 
Beet DUlp tics bor nc snes pe eece een ae eee 0.6 1.3: “ee 
BEGG Molasses wos noo. NO a ety as eee oA 59.5 
COWS Tis ki tea. San. tere fe Se ee ae 3.6 4.9 
Cow sili ke Colostr iat: 2.05 eae 17.6 2.7 
SKinw wk or avi byte see eee ee 3.1 4.7 
Skim. mik.centrifigal<c,a@. 2. ees 2.9 oy 
Bubbler il kos eee a or ee 3.9 4.0 
WiOVes 4 ete se cena es ea eee 0.8 4.7 


CIRCULAR No. 78 
AGRICULTURAL EXPERIMENT STATION 
UNIVERSITY OF ILLINOIS. 


CVE ANNIE Ke 


BY WILBER J. FRASER, Chiefin Dairy Husbandry. 


Unless carefully produced, milk is impure, and 
is often unfit for human food. It is subject to 
,contamination in so many ways in the course of 
its production and distribution, that it is prac- 
tically impossible for the customer to secure it 
entirely, tree tromenith, dust, andy germs. except 
when produced and handled with the utmost 
care. Since it is an ideal medium for the growth 
of bacteria, the greatest precaution should be 
observed that no germs, especially those causing 
[disease Sain. access. tO... hhere <1s- no.ssecret 
connected with the production of sanitary milk. 
Cleanliness in every operation, from first to last, 
and thorough cooling as soon as drawn are the 
only requisites. The result is nothing more nor 


less than simply clean mulk. 


‘AVQ AUFTAY HLIY AHL NI daaq AANYM AAGVAA OL GASIIAGQ AAV SMOD AHL 
QNV GLVINWNOOY OL GAMOTIY SI*SYNONVIT FHL HOIHM NI GUVX GaAdVaONQ NY 


¢€ MUP. ANOA ONIMNGOU, SI LVHL AOd GAUAVD AaaP, SHI SI AVM, HOIWLM 


‘dNJN FHL AO 1NO SMOD AHL ONIAATY SNHL ‘TOvaunS auvyy 
VY ONINYOY SYAANIDJ AO SAHON]T XIG HLIM GEUAAOD GUVA GAGVUL-TTIM V 


STANDARDS FOR GOOD MILK. 


Any milk that shows a sediment on the bottom 
of a transparent vessel upon standing one hour 
is not fit for human food. The consumer has a 
right to demand that the milk furnished him be 
clean; that it keep at least twenty-four hours 
after being delivered to the consumer, if held at 
a temperature of 60° F. or below; that it contain 
no disease-producing germs or any form of pre- 
servative; and that it have a certain known com- 


position, which is uniform from day to day. 


THE VALUE. OF GOOD; MIEK 


Milk that is free from dirt, and in which the 
bacterial content is exceptionally small, is a 
healthful and economical food; such .milk is 
essential for infants and invalids, besides being 
much more healthful and palatable for all. In 
fact, a clean milk supply is just as necessary to 
correct living as is a pure water supply or whole- 
some food of any kind. 


The question, then, of an improved milk sup- 
ply rests not only with the producers, but largely 
with the consumers as well, and when they 
demand clean milk, and are willing to pay the 
extra cost of production, such milk will be sup- 
Dieds ven «at an advanced: price, mull - 4s 
cheaper than meat when food equivalents are 
fully considered. 


THE BARNYARD: 


In the production of clean milk no one thing 
is of more importance than keeping the cows out 
of the filth. Many yards into which dairy cows 
are turned each day for their drink and exercise 
are knee-deep with mud and manure during the 
winter and spring, if not nearly the entire year. 
In summer when the cows are on pasture they 
would keep comparatively clean were they not 
obliged to wade through a filthy yard in going 
to the stable for milking. 

The yard should slope from the barn, and be 
covered with gravel or cinders sufficiently deep 
to form a hard surface. Manure should not be 
allowed to accumulate against or near the barn, 
and no swine pen should be nearer than two 
hundred =teet-on account of the’ odors from it 
being readily absorbed by milk. 


WuicH Cow REPRESENTS THE SOURCE OF YOUR MILK SUPPLY? 


AFTER A RUN OF THREE WEEKS ON PASTURE, IMAGINE THE 
FILTHY CONDITION DURING WINTER! 


How Mucu More Woutp You Pay ror MILK FROM Cows 
Kept LIKE THIS ONE? 


CLEAN EVEN IN MIDWINTER. 


“LVadat) SV SAWIL BI SI LI GaTIOS 
ATLHOITS auXV SYAddyY NAHM ANV ‘“ONIHSV MA aglLay Saaddy) 
AWVS AHL WOUd STITVA HOIHM LVHL SY LvVaar) SV SAWIL 06 SI ONIMTIP 
ONTYNd sa#add”q Adan WOM STIva HOINM Laid dO LHOIFAM AOVAAAY AHL 


‘ONIHSVM\ YALAY “ONIHSVM AXOdAG ‘ONIHSVAA UALAY ‘“ONIHSVAA ZAOITG 
‘da110G AILHOIIS waaay ‘AGaNW ugaay 
‘ONIDTIL 
ONTUNd suaddgQ GaHSVMNYA GNVY GAHSVM UAAGNN LHOAVD LYIG AO SINAOWY 


NECESSITY OF WASHING UDDERS 
BEFORE MILKING. 


Milk as ordinarily produced gets the greatest 
amount of contamination during milking from 
udders not washed. To determine the amount of 
filth that gets into milk in this way, seventy-five 
trials were made at different seasons of the year 
with three classes of udders, those apparently 
Gleaneetoose soiled. sandastnose= muddy. ~ With 
udders that were apparently clean, it was found 
that an average of three and one-half times as 
much dirt fell from the unwashed udders as from 
the same udders after they were washed. With 
soiled udders the average was eighteen, and with 
muddy udders ninety times as much dirt from 
the unwashed as from the washed. 


‘LVJ YaALLInNg dO LNAOMAg AALVNOISAG 
GHL ONINIVINOD WIL NO WVdUD 4O LNAOWY AHL ONIMOHS ‘MII aaziauvanvis 


STANDARD MILK. 


By. standard milk and cream is meant that 
which has a certain known composition, thus 
establishing a true basis for valuation. 

Let at be clearly understood by producers, con- 
sumers, city councils, and everybody that in these 
days the dealer can furntsh the customer with milk 
of any destred richness, without regard to the 
quality ordinarily yielded by the cow, and all milk 
should be etther so standardized, or else bought and 
sold according to tts natural composition. 

Selling milk by measure without regard to 
quality is unjust to the producer as well as to 
the consumer. While the fallacy of the system 
is apparent to a few, the majority of people seem 
to think that milk is milk, and that one quart is 
worth as much as another, so long as it 1s still 


sweet. 


‘foOr ‘9 AUVANV[ ‘NUVG AUIVG SIONITI] ao 
ALISUAAIN() NI NOILVIOOSSY S,NAWAUIVG ALVIG FHL OL HONN] AUIVG V ONIAMAG 


REFRESHMENTS SERVED IN DAIRY 
BARN. 

At the meeting of the Illinois State Dairymen’s 
Association, held at the College of Agriculture, 
refreshments were served in the dairy barn; the 
object being to impress upon the dairymen of 
the state the fact that dairy barns are places 
where human food is produced, and that they 
should, therefore, be fit places in which to pre- 
pare and eat food as well. 


THE CONSUMER’S RESPONSIBILITY. 
That milk may reach the table in first-class 


condition, the consumer has responsibilities as 
well as the producer. The milkman 1s frequently 
blamed for many things for which he is not 
responsibie. However perfect the condition and 
low the temperature of the milk when delivered, 


it cannot long remain in good condition unless 
carefully handled. If milk is to keep,-it must 
be stored in utensils that have been thoroughly 
washed and scalded and held at a low tempera- 
ture, at least 60° F.,,and below if possible. 

If milk is not delivered in bottles, care must 
be taken to protect it from dust, and it must be 
placed where there are no odors to be absorbed. 
Bottled milk, being sealed with a pulp cap, can- 
not absorb odors, and should be left 1n the bottle 


until used, not emptied into an open dish. 


UNIVERSITY OF ILLINOIS 
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CIRCULAR NO. 79. 


PRESENT METHODS OF BEEF PRODUCTION. 
iF 


By HERBERT W. MUMFORD, CHIEF IN ANIMAL HUSBANDRY, AND 
Louis D. HALL, FIRST ASSISTANT IN ANIMAL HUSBANDRY. 


INTRODUCTION. 


Approximately 3,000 to 4,000 farmers of Illinois are extensively en- 
gaged in beef production in one of its two branches, viz., breeding 
cattle for the production of beef or fattening for market cattle pre- 
viously bought as stockers or feeders. The number of cattle marketed 
annually by them varies within the approximate limits of 200,000 and 
300,000 head. The number of cattle on Illinois farms January 1, 1904, 
was 2,689,193.* Consequently a yearly saving of one dollar per head in 
the feeding, management, buying or selling of the cattle of the state 
would result in the addition of over two and one ha!f millions of dol- 
lars annually to the net income of Illinois beef producers. That such 
a percentage of improvement is much less than the difference exist- 
ing between the most improved and the most common methods now 
practiced in the state, few will question. That a stilllargersaving can 
be effected by more thorough knowledge of the principles and more 
careful attention to the details of beef production is reasonable to 


assume. 


*U. S. Department of Agriculture, Year Book, 1903. 
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PLAN OF INVESTIGATION. 


The investigation ot which this circular is a partial report was 
undertaken in order to determine the methods now commonly pur- 
sued in beef production in the corn-growing states, to bring to light 
as much as possible of the experience and data which have been ac- 
cumulated by cattle feeders in the corn belt and to give out this in” 
formation in such a form as to be of practical benefit to the beef 
producer. One hundred questions were submitted by mail to each of 
about two thousand five hundred cattle feeders in Illinois and to about 
three thousand five hundred in neighboring states.* It was the pur- 
pose to so word the questions as to call for replies based in each in- 
stance upon the feeder’s entire experience in beef production. Thus 
the inquiry dealt with general conditions and not merely those exist- 
-ing at the time of receiving the replies, and the results secured there- 
fore have a wide range of application. In order to make the investi- 
gation as thorough as possible in Illinois the Secretary of the Farm- 
ers’ Institute of each county in the state was asked to furnish a list 
of the cattle feeders in his county whether engaged in breeding for 
market, in feeding only, or both. In addition to the questions sent to 
each man whose address was thus secured, a blank form and stamped 
envelope were inclosed, with a request to give the addresses of all cat- 
tle feeders in that locality. The process was then repeated with the 
names thus obtained. Some of the addresses, and particularly those 
in other states, were furnished by Chicago live stock commission 
firms. Some also were secured from agricultural and special journals 
reporting the live stock market. 


*For list of questions see Circular No. 65, Illinois Agricultural Experiment Station. 
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DATA SECURED. 


The following list shows the number of feeders addressed and the 
number of replies received from each county: 


Ad- ¥ 5] Ad- c 

ee eas dressed. Replies. Sate NT dressed. Replies. 
Adams “oe 4. 19 2 Livingston, 7s 19 3 
Alexander... . ..: . 1 ctieal OUT wee de Ae Aes 20 | 4 
Bonin se te es 3 0 NCIUOROUS Ie a ss; 34 | 7 
GON ew Fy PH 19 3 McHenry % “i--°: 3 0 
LEAS We DS eee iat 16 3 hn Fadl Reed: 67 PP Oa 63 15 
urea cts Fes 42 UCM EINE CASED canton eZee. og 34 5 
Gathoune? Peale. 3 0 Macoupie St9is. : 50 10 
COE LOLIO NM nat ete 26 3 WEAGISON, once oo Ss 9 1 
aes er ke ree 42 9 WEALLOU so ech cues tke 3 | 0 
Champaign .. . 40 6 Marshall 78) $54; OT Paes 
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It will be observed that in several cases counties in which beef 
production is a very small factor have furnished a larger number of 
names and replies than other counties in which cattle feeding isa 
leading feature. This indicates that the greatest disposition to seek 
information is often found in those sections where the industry is of 
least extent and importance, while localities in which it is a promi- 
nent factor and which should have the greatest interest in matters 
pertaining to it are frequently most indifferent. It should be borne 
in mind, however, that the number of cattle feeders in a county is not 
a reliable indication of the extent of the feeding industry in that 
county, since the average number of cattle fed by each individual 
varies widely in different localities. It should also be observed in this 
connection that those sections in which beef production has been 
longer established have not as great need of information on the sub- 
ject as those in which the business is comparatively undeveloped. 


SCOPE OF THE INVESTIGATION. 


The practical experience of the Lilinois cattle feeders who replied 
amounts toa total of 7,072 years and involves the feeding and mar- 
keting of over 627,000 cattle. In addition replies were received from 
about 600 feeders in other states whose experience aggregates ap- 
proximately 7,000 years ‘and represents the feeding of more than 
686,000 cattle. The investigation therefore covers the experience of 
over 1,100 men, amounting to more than 14,000 years of practical ex- 
perience in beef production, during which time a total of more than 
1,350,000 cattle were fed. In view of the variation in conditions affect- 
ing beef production in different states, this report will be confined to 
the investigation in Illinois, except when otherwise stated. 


The average number of cattle fed annually by our correspondents 
in Illinois, as can be calculated from the figures given above, is about 
88 head. In fact we find that nearly 60 percent of the men who re- 
plied feed more than 100 cattle each annually, while’ only 14 percent 
feed less than 40 head. The fact that the more extensive feeders 
have contributed most largely to the data which form the basis of 
this report, greatly increases its value. 


CONDITIONS CONSIDERED ESSENTIAL TO INCREASED RETURNS, 
No question in beef production admits of argument toa greater 
extent than that of the changes of conditions necessary in order to 
render it more profitable, and it is conservative to say that never has 
this problem been of greater moment to the producer of beef in IIli- 
nois than at the present time. The ‘sentiments concerning the ques- 
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~ tion as éxpressed by 366 feeders and breeders of cattle in Illinois are 
given below. One hundred and forty three of those who replied to 
other questions made no reply to the one under consideration. Most 
of the replies included several points, and these are listed below, to- 
gether with the number of men who mention each point: 
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A very significant fact brought out in the above summary is that 
a large percentage of Illinois breeders and feeders of cattle are con- 
vinced of the need of better blood in the herds and feed lots of the 
state. It is noteworthy, also, that next in importance to proper breed- 
ing, our correspondents emphasize the more intelligent use of feeds. 
This sentiment among our beef producers promises well for the 
improvement of the industry in Illinois. It is believed, however, that 
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the point mentioned by only one of those who replied, viz., ‘‘A better 
knowledge of market conditions,” is deserving of far greater atten- 
tion than it has yet received by producers of beef, and that a more 
thorough understanding of the demands of the trade is essential to 
the greatest success in supplying those demands. 


Some of the questions submitted were general in character, hence 
the replies to such cannot be reduced to mathematicalterms. Indeed 
a numerical summary of the results of an investigation of this kind 
would be entirely inadequate, and in some respects might even be mis- 
leading. It is considered advisable, therefore, not to present all the 
replies in statistical form, but to report the conclusions therefrom in 
a series of papers based on a careful study of the replies referred to 
above. In this circular, which is the first of a proposed series, is re- 
ported that portion of the results relating to 


STOCKERS AND FEEDERS. 


It has been estimated by men who are in close touch with the 
beef trade that only about fifteen per cent of the native beef steers 
marketed in Chicago are carried from birth to maturity without 
changing hands. In other words about eighty-five percent are bought 
as stockers or feeders by men who fatten them for the market. This 
estimate seems to be borne out by the data secured in this investi- 


gation. 


The land occupied by our correspondents varies in value from $20 
to $120 per acre. Sixty-twot percent of those who reply give values 
ranging from $70 to $100 per acre, 28 percent below $70 and10 percent 
above $100. (These are 1902 values.) From a study of the data secured 
the conclusion is drawn that there is no constant relation between the 
value of the land in any locality and the proportion of cattle either 
bred or fed for beef in that locality. However, when we consider the 
number of men engaged in breeding and feeding respectively we find 
that on lands ranging from $70 to $100 in value, the ratio of the num- 
ber engaged in mere feeding to the number who breed the cattle 
which they fatten, is very much larger than on lands of lower value. 
Since only a fraction of the beef producers of the state are repre- 
sented by our data, the figures presented on this point are not to be 
considered as absolutely exact or conclusive; but it may be stated 
that on the basis of the replies received, the ratio of the number of 
men who buy their feeders to those who breed them, on land valued at 
$70 to $100, is about as 12 to 1, while on land ranging in value from 
$20 to $70, the ratio is about as 24% to 1. 
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Another factor that. is sometimes said materially to affect the 
buying of stockers and feeders as against raising them is the distance 
from the cattle markets. A study of the data secured in this inves- 
tigation leads to the conclusion that the factor named has no uniform 
influence in the matter; in other words, that the preponderance of 
either method varies independently of distance from the leading 
cattle markets. Neither can it be said that beef production is most 
extensive in those parts of the state which are most available to the 
leading markets. The conclusion appears to be warranted, however, 
that the principal beef-producing sections are those in which corn is 
grown most extensively. 


WINTERING STOCKERS. 


In buying stockers a common practice is to buy cattle during the 
fall and early winter that are thin in flesh and weigh from 500 to 800 
pounds, winter them on a ration calculated merely to keep them from 
shrinking in weight, and either fatten with grain or grass during the 
summer or graze them through the pasturing season and finish on 
grain the following fall. Thus we find that more than two-thirds of 
our correspondents buy their stockers and feeders in the fall and 
winter. The reason given by the great majority of these is that the 
cattle can be bought more cheaply at that time. Practically all of 
the remainder buy in the spring, and the statement is made in some 
instances that while the market is usually lower on stockers and 
. feeders during the fall and early winter, the expense of wintering 
often brings the final cost per hundred weight to a point above the 
price commanded by the same cattle in the spring. By ‘‘expense of 
wintering” is meant feed, labor, interest, taxes and mortality. 


The experience of some of our correspondents indicates that 
stockers carried through the grazing season on pasture will yield 
larger returns during that time if previously maintained through the 
winter on roughage than if fed a liberal ration of grain for several 
months before pasturing. The former method is often found most 
economical in localities which are naturally adapted to the growing. 
of grass and forage crops largely to the exclusion of grain. But un- 
der average Illinois conditions it is rarely found good economy to 
carry stockers a considerable time ona mere maintenance allowance, 
even though the subsequent gain on grass be thereby increased. The 
average daily gain secured with yearlings on grass alone through the 
grazing season is variously stated by 161 of our correspondents. The 
mean of these is 1.66 pounds. For two-year-olds on grass alone the 
average daily gain, based on 170 replies, is 1.87 pounds. 
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SOURCES OF STOCKERS. 


In reply to the question, ‘‘Where do you buy your stockers?” more 
than one-half of our correspondents replied that their cattle were 
bought in their own neighborhood, and practically all of the remain- 
der in Chicago, Kansas City, St. Louis or Omaha. Those who buy 
locally give various reasons for their preference, of which the more 
frequently mentioned are (1) better acquaintance with the dealers 
and with the breeding of the cattle; (2) better cattle can be secured; 
(3) cattle can be bought nearer worth the money because freight, 
shrinkage, commission and other expenses incident to buying in the 
open market are saved; (4) the cattle are not bruised and gaunted 
by shipping; (5) the cattle are accustomed to the climate and usually 
to grain feeding. 7 


Those who buy at the markets give as reasons for their prefer- 
ence (1) the market affords a larger number from which to select, 
hence the kind wanted can more often be obtained and more uniform- 
ity in weight, quality and condition can be secured; (2) the cattle can 
often be bought cheaper, due to oversupply or lack of demand, while 
the price in the country is more inflexible; (3) can get better cattle. 


A study of the replies to the above question leads to the conclu- 
sion that the differences in opinion which appear are largely depend- 
ent upon the number of cattle handled by the individual. The 
extensive feeder prefers the market as a source of supply, while the 
man who carries but a few cattle usually finds that he can buy at 
home more advantageously. 


BREED, AGE, WEIGHT AND CONDITION. 


As to the breed most in favor as stockers and feeders, about 50 
percent of our correspondents state that Shorthorns have given the 
best returns; 20 percent favor the Hereford breed, 18 percent Angus, 
and the remainder are divided among other breeds and grades. A 
number state that their choice would be any of the beef breeds. The 
apparently greater popuiarity here shown in favor of the Shorthorn 
breed should not be misconstrued. The average Illinois feeder hasa 
better opportunity to become familiar with them than with other 
pure-bred cattle by reason of the fact that they are the most numer- 
ous breed in this and neighboring states. Consequently the fact that 
they are in greater favor than others cannot be said to be altogether 
due to choice or merit, but must be attributed to a certain extent to 
their greater numbers and wider distribution. 
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Almost 50 percent of those who replied state that two years is 
the age preferred for stockers and feeders, the remainder being about 
equally divided above and below two years. In reply to the question, 
‘At what age do you find it pays to put steers on full grain feed?” 
the answers include ages from two months to four years. About 50 
percent prefer the age of two years, about 35 percent above and the 
remainder below that age. 


In regard to the weight of stockers and feeders which gives best 
returns, 40 percent of our correspondents favor weights from 800 to 
1,000 pounds; 26 percent favor less than 800; 20 percent 1,000 pounds 
and 14 percent more than 1,000 pounds. 


With reference to the condition of flesh desired in stockers or 
feeders we find a great variety of replies. Thus out of 386 replies 147 
anewer. good; 50; ‘medium; 90, “fair;” 63, ‘‘thin;”’ 6, “fat.” 


‘‘Do you ever feed spayed or open heifers?” Less than one-third 
of our correspondents reply affirmatively to this question. Of those 
who sometimes use heifers as feeders about one-half report that they 
have been able to realize as much profit from feeding them as from 


feeding steers. 


CLASS OF BEEF PRODUCED. 


2 

“What class of beef do you attempt to produce?” was asked our 
correspondents, with a view of ascertaining the prevalent use of 
terms relating to cattle market classifications, as well as to secure 
data on the subject suggested by the question. The various classes 
given, and the number of replies received for each, were as follows: : 


- 
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lt is apparent from the foregoing miscellaneous replies that 
greater precision and uniformity inthe use of market terms would be 
not only desirable but also of tremendous advantage to the cattle 
feeder, resulting in a clearer conception of market demands and thus 
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a more definite aim in the production of beef. It should be under- 
stood that the name of the class to which a beef animal belongs refers 
to the use to which the animal is put. *The classes of cattle are 
Beef, Butcher Stock, Cutters and Canners, Stockers and Feeders, and 
Veal Calves. The names of the grades within each class describe the 
degrees of conformity to the standard for that class. Thus the grades 
of stockers and feeders are fancy selected, choice, good, medium, 
common and inferior. The use of the terms fair, poor, extra and 
similar terms of an indefinite nature is to be discouraged. 

*For a complete outline and description of the market classes and grades of cattle 
the reader is referred to Bulletin No. 78 of the Illinois Agricultural Experiment 


Station. Bulletin No. 90 of the same station gives an account of the fattening of 
a carload of feeders of each grade. 
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By J. G. MOSIER. 


URBANA, ILLINOIS, OCTOBER, 1904. 


Factrors IN Crop PRODUCTION, 
By CYRIL G. HOPKINS, Cuirr 1n AGRoNoMyY AND CHEMISTRY. 


There are six absolute essentials in the growing of crops; namely: 

(1) The seed. | 

(2) The home, or lodging place. 

(3) The food. 

(4) The drink, or moisture. 

(5) The heat. 

(6) The light. 

Every plant of corn, oats, wheat, etc., requires each of these six essentials; 
and maximum crop yields are obtained when all of these factors exist in a perfectly 
balanced relation with respect to the needs of the growing crop, the crop not being 
subjected to injury by weeds, insects, disease, etc. Any one of these factors may 
limit the yield of a crop. Consequently, the true art and science of agriculture 
requires consideration for every essential factor, injury to the plant also being 
guarded against. 

Poor seed will inevitably produce a poor crop. Good seed is exceedingly 
important, but not more so than a suitable lodging place for the plants; and no 
matter how good the seed or how perfect the physical condition of the soil, plants 
cannot grow without food and moisture and heat and light. Determine the limit- 
ing factor—the factor which limits the crop yield—and then remove this limitation 
by providing that essential in greater abundance or perfection. 

We may have light sufficient for a 200-bushel crop of corn, heat sufficient for 
a 200-bushel crop, and abundant rainfall for a 200-bushel crop, and yet the soil, 
the home of the plant, may be so hard and compact and impervious to plant roots, 
so non-absorbent and non-retentive of moisture as to limit the yield to 20 bushels 
an acre, even with good seed and abundance of plant food; or the soil may be in 
perfect physical condition, furnishing the plants an ideal lodging place, with light, 
heat, and moisture provided in abundance for a 200-bushel crop, and yet the supply 
of plant food, even of one element of plant food, may be so limited as to hold down 
the crop yield to 20 bushels an acre. 

These are practical, scientific, agricultural facts. This circular, No. 82, by 
Professor Mosier, is designed to furnish to Illinois farmers some useful information. 
especially relating to soil physics and management. It is preliminary to more 
specific and technical bulletins which are to follow, giving the detailed results of 
experiments and investigations relating to these subjects. 


fie vole AL IMPROVEMENT OF SOLES 


Witu SpeciAL REFERENCE TO THE VALUE OF ORGANIC MATTER. 


By J. G. MOSIER, Assistant CHIEF In Sort Puysics, 


(For information concerning the origin of soil material, the strata of 
the soil, and the constituents composing soils, the reader is referred to 
the Appendix.) 

Oraanic MarrTer. 


If a soil is examined closely it will be found to contain organic material 
(fragments of plants), some of which can still be recognized readily as of 
vegetable origin, while the most of it has decomposed to such an extent 
that it has lost its vegetable structure and original chemical composition. 
Organic matter in this latter form is called humus. 

This vegetable material is derived from various parts of plants, as 
- roots, stems, and leaves, and has been incorporated in the soil by various 
agencies. This mixing of organic matter in the soil has been effected to 
some extent by insects, earthworms, and burrowing animals, all of 
_ which carry parts of plants into their underground homes, as well as 
bring some of the subsoil upon the surface where it is mixed with vege- 
table matter. But the chief manner in which this is introduced into the 
soil in a natural way is by the growth and death of roots, especially of 
the grasses and clovers. What a mass of roots form in a bluegrass or 
timothy sod! The same thing is true of the wild prairie grasses that 
once grew so abundantly on our prairie soils. These roots penetrated 
the soil to a depth of from ten inches to eighteen inches; and, as many 
new roots grew and died during each year, or series of years, a constant 
accumulation of organic matter was taking place. These dead roots, 
being cut off to a considerable extent from the oxygen of the air by the 
overlying soil and the moisture it contained, did not decompose as 
rapidly as the new material was added. On the higher ground where the 
grass grew less luxuriantly and where decay was not hindered so much 
by a large moisture content in the soil, the organic matter content did 
not increase so rapidly and as a result the color of the top soil is brown 
or light brown. On the low ground, which was swampy for a large part 
of the year, the grasses grew more luxuriantly and the water largely pre- 
vented the decay of the dead plants. The organic matter accumulated 
here, giving the soil a dark brown or black color. The timber soils of 
this state, except in bottom lands, are gencrally deficient in organic 
matter as shown by the light, or almost white, color, while the prairie 
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soils are brown or black. This difference in organic matter content is 
largely due to the difference in vegetation found upon the two types. 
The organic matter in forests is added almost entirely to the surface of 
the soil in the form of leaves and broken twigs, and in a climate such as 
ours, complete decay is very likely to take place where vegetation is 
exposed to the air. Timber soils in this state usually have good natural 
drainage, and the removal of the water tends to aid decomposition, hence 
we find them very light in color. 

In many low places in the northern and north-central parts of the 
state, some soils are made up almost entirely of organic matter. These 
are called peaty soils when the organic matter content reaches twenty- 
five percent or more of the dry weight of the soil. These peaty soils 
were formed from the growth of grasses, sedges, and moss under con- 
ditions of moisture that prevented the decay of the dead plants. There 
are indications that nearly all of the peat of this state was formed from 
grasses and sedges, while that of colder regions is formed from moss. 
(Some moss peat is found in the extreme northern part of Illinois.) Peat 
moss requires a large amount of moisture for its growth, and the lower — 
part of the plant dics as rapidly as the top grows, and this lower part 
being prevented from decaying by the moisture, may accumulate toa . 
depth limited only by moisture and drainage. Peat from grasses and 
sedges. is formed by the accumulation of the dead material, both roots 
and tops. 

Peaty soils vary in the amount of inorganic material that they con- 
tain. Under some conditions considerable amounts of clay, silt, or sand 
may be carried into these swamps by wind or water, or both, and as a 
result, soils will be formed with varying amounts of these constituents. 
Peaty swamp lands frequently require some special treatment to make 
the soil productive. (See Bulletin No. 93.) 

Good productive soils should contain from five percent ‘to ica percent 
of organic matter in the surface seven inches, or from fifty to one hun- 
dred tons in an acre. Soils with different physical composition are likely 
to have different amounts of organic matter. Clay and silt soils tend to 
accumulate more organic matter than sandy or loose soils. This is 
because more perfect ventilation or aeration will allow more rapid and 
more complete decay in sandy soils. Oxygen, the element that must 
be present for decomposition to take place, readily enters the loose sandy 
soil, but is largely excluded from the finer, more compact clayey and 
silty soils, so that decay goes on very slowly in these. The organic mat- 
ter is the only variable constituent of soils. The amounts of sand, silt, 
or clay are practically the same in the same soil for all time. Then the 
only way by which we may change the physical composition of our soils 
is by changing the amount of organic matter, and this we can do if we will. 
Very few sections of our state have such. an over abundance of organic 
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matter in the soils that its maintenance may be neglected. At least 
half of the soils of the state need a larger amount of organic matter than 
they now contain to render them productive to the highest degree. 

The value of organic matter lies in the fact that, chemically, it is the 
primary source of soil nitrogen, and, physically, it gives to the soils 
many important properties that they would not otherwise possess and 
that are absolutely essential for large yields. 

(A) Errect oF OrGANIC MATTER ON TILTH OF SOIL—GRANULATION. 
—Some soils are crumbly or mellow, and when_ plowed the furrow slice 
turns over loose and granular; while in others, especially silty or clayey 
soils, the plowed ground is likely to be cloddy, and heavy rain causes the 
soil to run together and bake when dry. The one is in good tilth while 
the other is not. . If the crumbly soil is examined it will be found to be 
made up of crumbs or granules from the size of timothy seed to that of 
peas, formed by loosely cementing a number of soil particles or a number 
of smaller granules together. These crumbs vary in size in different 
soils, and even in the same soil at different seasons. This texture, or 
peculiar granular condition, is brought about by natural causes acting 
upon certain constituents of the soil and not by tillage, although tillage 
helps to bring about the condition sooner, as when cloddy ground is 
harrowed after a shower. The moisture develops a friable condition, 
and the use of the harrow simply hastens the work of nature. Without 
the shower it would have been almost impossible to get the ground into 
good shape. 

This granulation or crumbly condition is a necessary property for 
silt and clay soils. If we take a handful of dust from the road we find 
that it looks and feels quite different from a handful of dry mellow soil 
from a well-managed field. The former is made up largely of incoherent 
soil particles, while the latter is made up of granules or crumbs of various 
sizes. Black clay loam, frequently called “gumbo,” the soil commonly 
found in low, flat prairies in central Illinois, usually exhibits this prop- 
erty, while the brown silt loam of the rolling prairie shows it to a less 
extent. The heavy clay soils of the river bottoms sometimes go under 
the name of “buckshot” land, because of their granular character. 
This property of granulation gives to a soil some of the advantages of a 
sandy soil without its disadvantages, in that it makes it easier to work 
and keep in good tilth, while it retains moisture and plant food well. 
The size of these granules varies with the soil and the length of time of 
exposure to the elements. They are larger in spring than later in the 
season. The summer and fall rains frequently almost destroy them 
and it may require a winter’s freezing and thawing to develop them 
again. It is generally recognized that the soil is in better condition for 
plowing after a cold winter, and this is undoubtedly due to the granular 
character developed by freezing. A cold winter may not be sufficient 
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to restore this condition after a very wet summer, as was seen in the 3 
spring of 1903 after the heavy rainfall of the summer of 1902 in central 
and northern Illinois. The fact was generally recognized that the soil 
was not in good physical condition even after a winter almost. as cold as 
usual. 

Mr. R. C. Lloyd, while a senior student in this University, made 
some interesting studies of the causes of granulation. He found that 
organic matter was one of the chief constituents concerned, and that 
moisture (alternate wetting and drying) and frost (alternate freezing 
and thawing) were the principal agencies in developing the property of 
granulation. Samples of the clay soil from the Mississippi River bottom 
in Illinois and the prairie brown silt loam from the University farm were 
used in his experiments. The effect of freezing and thawing upon the 
latter soil was studied in a ditch six feet deep and eighteen inches wide, 
left open during the winter. By spring it was three feet deep and 
forty inches wide, having been filled with the granules that were produced 
on the sides of the ditch by freezing and thawing. In studying this ditch 
it was found that the surface soil granulated much more readily, and 
that the granules were of a different shape from those formed from soil 
of lower depths, in that they were more angular, were harder to break 
apart, did not run together so readily when water was applied, and that 
when the granulated structure was destroyed it was again brought 
about by the action of water alone or of water and frost. 

Plate I is a photograph of the ditch in the spring. Plate II is a 
photograph of the granules from different: depths. Figures 1,2, and 3, 
granules of surface, subsurface, and subsoil. Figures 4 and 5, large 
granules of subsoil. Figure 6, the smaller granules formed from the 
larger by freezing and thawing. 

A sample of the bottom land clay was moistened, thoroughly worked, 
and molded into a ball. It was then frozen and thawed alternately, for 
six different times, when it was found to contain many broad, deep 
eracks. It was then moistened and dried alternately for three times, 
when the ball fell to pieces with granulation perfect. 

Mr. Lloyd used the following experiment to show the effect of organic 
matter on granulation. Both soils were used in this experiment, and 
were thoroughly puddled to destroy any granules that might exist. A 
ball was made of each kind of soil after being puddled, but with no fur- 
ther treatment. Another set of balls was made from the soils after the 
soluble salts had been leached out with hydrochloric acid, and still 
another after part of the organic matter had been leached out by first 
leaching with a one percent solution of hydrochloric acid and then with 
dilute ammonia. After freezing and thawing twice, the balls were as 
shown in Plate IIJ. Figure 1 is the ball of untreated brown silt loam, 
and Figure 6 the bottom land clay. Figure 3 is the brown silt loam 
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PLATE 1. DitcH IN SPRING. 


GRANULES OF DIFFERENT SIZES. 


PLaTE 2 


. PLATE 3. EFrFrect oF FREEZING AND THAWING ON THE SAME SOIts TREATED 
IN DirFERENT Ways. Fics. 2 ano 5 witH Part OF THE ORGANIC MATTER 
LEACHED OvT., 


PuatEe 4. Errect oF FREEZING AND THAWING ON THE SAME SOILS AS IN PLATE 
3, BUT WITH THE ORGANIC MatTTeER RESTORED TO Fias. 2 AND 5. 
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leached with acid, and Figure 4 the bottom land clay. Figure 5 is the 
brown silt loam leached with ammonia, and Figure 2 the bottom land 
clay. From Plate III it is seen that those balls from which the organic 
matter had been partially extracted were affected but little, while the 
others were broken up into granules. The organic matter that had been 
extracted was then thoroughly mixed with the soil from which it had 
been removed, and balls formed from this were frozen and thawed twice. 
They broke up into granules just as the untreated soil had done. 
Plate IV, Figures 3 and 6, show the silt loam and bottom land clay, 
respectively, that have had the organic matter replaced and been frozen 
twice. Figures 1, 2, 5, and 6 show where lime has been added with but 
little effect. From these experiments and from many field observations, 
it is evident that organic matter forms one of the most important con- 
stituents in producing the good tilth that it is necessary for good soils to 
possess. 

(8) Errect oF Orcanic MATTER ON MoIstuRE CONTENT OF SOILS.— 
Every one knows how important it is to have a plentiful supply of 
moisture for the growing crop, but few realize the value of organic matter 
in maintaining the supply in time of drought. The organic matter acts 
as a sponge. Its effects upon moisture content are evident in two ways, 
(1) in the increased storage capacity and absorbent power for water, 
and (2) in preventing evaporation by its retentive power and by allowing 
a more perfect surface mulch than could otherwise be formed. Sand 
permits of rapid percolation with comparatively small amounts of water 
retained. If different amounts of organic matter are added to the sand, 
the quantity of water retained increases with the increase of organic 
matter. Table 1 shows the effect of this constituent upon the retention 
of water. Peat was used in the experiment, and this and the different 
mixtures of sand and peat were placed in tubes two inches in diameter 
and eighteen inches long. The same amount of water was then added 
to each. After percolation ceased, the amount of water retained by 
one hundred grams of the mixture is shown in the table. 


TABLE 1.—Errect or OrGANIC MATTER ON RETENTION OF MOISTURE. 


Grams of water retained by 100 
grams of the mixture. 


CGE SO CYS RST ee en ce ere a ee 13.3 
(oarsr-cand With OY, Peabo. fy tee eee eee ls 18.6 
Coarse sand with 10% peat... .............04. 24.7 
Koatse. saris with 20%, Peat na. io oie eee eos 40.0 
CAG os Boe oh sea are i sand Aller Cg aie hg OR a a 184.0 


It will be seen from this that a few tons of manure per acre will 
appreciably affect the water-holding capacity of the soil. If eight tons 
were added, this would be equivalent to at least two tons of dry matter. 
Since manure is very similar to peat in its water-holding power, these 
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two tons will be capable of holding about four tons of water in the soil, 
or will increase the water capacity of the surface soil nearly five-tenths 
percent. 

At one of the experiment fields in England two plots of similar soil 
had been growing wheat for twenty-five years. One had nothing added 
in the way of manures or fertilizers, while the other had an annual appli- 
cation of fourteen tons of farm manure per acre. After a long continued 
rain, the moisture content of the first was 29.9 percent, while in the 
second it was 60.2 percent, showing slightly more than 30 percent in 
favor of the field containing the larger amount of organic matter. 

Evaporation takes place quite rapidly from the surface of compact 
soils where the particles are in close contact with each other. The mois- 
ture moves as a thin film around the soil particles, but can only move 
when these particles are in contact. If this chain of soil particles is broken 
at any place movement of water in that direction must cease. A compact 
soil furnishes a great number of these continuous chains by which the 
moisture passes to the surface, where it is evaporated. If the soil is 
stirred or loosened in any way, very many of these lines are broken, a 
less amount of water moves to the surface, and as a result evaporation 
is retarded. 

The water, then, can be best retained in the soil by maintaining a 
loose layer on the surface, thus breaking capillary movement. Cultiva- 
tion is necessary in order to do this, but it is much easier to maintain this 
mulch in some soils than in others. It is not difficult to maintain a 
mulch in sandy soils, but in silty and clayey soils it is more difficult. 
Every beating rain destroys the granules, compacts the surface, and, 
unless the soil is in good tilth, the mulch must be renewed at the very 
first opportunity to prevent excessive loss of moisture. A large amount 
of organic matter in a soil tends to keep it. loose and granular, and a 
mulch may be kept with less difficulty in such a soil than in soils with 
less organic matter. 

(c) Errect oF OrGANIC MaTTEerR ON “RUNNING TOGETHER” OF 
Sorts.—The complaint is often made that soils “run together” and bake 
after every heavy rain. This is often true of fine-grained silty or clayey 
soils, but not of sandy ones. It is due to the breaking up of the soil 
granules into their individual particles by the beating of the rain drops, 
and this produces a puddled condition of the surface which, when dry, 
forms a hard crust through which the young plants can pass or force 
their way only with great difficulty. The crust being somewhat imper- 
vious to air, the growth of the crop may be hindered by lack of aeration. 
The roots of growing plants require oxygen, as do also the bacteria of 
the soil that carry on the process of nitrification, producing nitrates for 
plant growth. A crust on the surface when corn is young soon causes 
it to become yellow, indicating a lack of nitrogen, probably due to the 
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fact that nitrifying bacteria are unable to carry on their work properly 
for want of oxygen. A crust also causes a loss of moisture by increasing 
evaporation, the soil having been so compacted by the rain that the soil 
particles have been brought into close contact with each other and con- 
tinuous capillary connection has been established, so that the water now 
may pass rapidly to the surface, where it is evaporated. 

“Running together” may be largely prevented by increasing the 
amount of organic matter.. This cements the soil particles together into 
granules, holding them so firmly that only the hardest rains break them 
down, and furnish the puddled condition necessary for the formation 
of a crust. Every one has seen the effect of an old strawstack or manure 
heap on the soil. Places where these have been are always mellow when 
cultivated, because of the organic matter contained in them. Every 
soil should contain enough organic matter so that it will not ‘“‘run to- 
gether’’ except with the heaviest rains, and even then not so as to inter- 
fere seriously with the ordinary physical phenomena of the soil. 

(Dp) Errecr oF ORGANIC MATTER ON WASHING OF SoILs.—Wherever 
land is not level and the rainfall is greater than can be absorbed, more 
or less washing occurs. The amount depends upon the physical com- 
position and texture of the soil, the extent and slope of the surface, the 
presence or absence of vegetation, and the character and amount of the 
rainfall. 

A very gravelly or sandy soil that allows the water to pass downward 
readily is not likely to wash badly, for the reason that very little 
water runs off by surface drainage even on a considerable slope. If, 
however, the soil is a silty or clayey one, it will absorb water very slowly, 
and a large amount will run off and carry with it the best soil. The water 
naturally seeks the lowest places and the large volume of water is sufh- 
cient to do a great deal of washing, and soon deep gullies will be formed 
that will render the land worthless for ordinary agricultural purposes. 

When soils are likely to wash, an ounce of prevention is worth many 
pounds of cure. The best remedy is a preventive one. This applies 
especially to the formation of gullies on hillsides, by which a farm may 
be completely ruined in a very few years. When these ditches are small 
they may be filled with rubbish that will check the current of water 
and cause the sediment to be deposited there, which will result in the 
filling of the ditch. The general washing that takes place from the sur- 
face of all hilly and even slightly rolling land should be looked after as 
well. This washing removes the best soil and lowers the productive 
capacity of very larve areas of land in Illinois. Much of this was not of 
the best to begin with, and the removal of the thin top soil has rendered 
many tracts almost worthless. Silt and clay soils are much more liable 
to wash than sandy ones, because the particles are smaller, consequently 
more easily carried by water; and, as these soils do not absorb the rainfall 


12 


a 


readily, because the pores are small, so there is more water to run off. 
While it is impossible to change the inorganic constituents of soils 
to any appreciable extent, yet they may be treated in such a way as to 
change the texture in a few years. This may be done by incorporating 
organic matter in them. The partially decayed material cements the 
soil particles into granules or grains, giving it somewhat the porosity 
and looseness of a sandy soil. The granules thus formed are too large 
to be carried readily. When in this condition, water will be absorbed 
rapidly, and if deep plowing is practiced, the ground will be in condition 
to absorb a heavy rainfall. It is estimated that ten inches of loose soil 
will absorb two inches of rainfall. A large supply of organic matter 
should be maintained, if possible, by growing legumes and cover crops. 
In fact a soil that is liable to wash badly should never pass through the 
winter without a cover crop. The roots will hold the soil particles 
together, and the top will prevent rapid surface currents from forming. 

(mB) Errecr or OrGANIC MATTER ON TEMPERATURE OF SOILS.—It is 
a well-known principle that dark surfaces absorb the sun’s heat, while 
white surfaces reflect it. Our choice of clothing, dark in winter and 
light in summer, is an application of this principle. As a general rule 
the more organic matter a soil contains the darker it is, and this makes 
it a poor reflector of heat, but a good absorber of it. Consequently, dark 
or black soils become warmer than those of the same physical composition 
but lighter in color. Experiments have been tried in which the surface 
of a soil has been blackened with soot and the same soil whitened with 
lime. During the day the blackened soil was from 2° to 5° warmer than 
the whitened soil at a depth of six inches. A similar experiment has been 
tried by the writer, the soil used being a light-colored gray silt loam. 
On the surface of one lot of soil about one-fourth inch of black loam was 
scattered so as to cover completely the light colored soil. The same 
conditions as to moisture were maintained. Thermometers were placed 
in each soil so that the bulbs were one, two, and four inches beneath the 
surface, with the results as given in Table 2. 


TABLE 2.—EFFEcCT OF COLOR OF SOIL ON TEMPERATURE. 


LIGHT Dark LiGuHrtT. DARK. LIGHT. Dark 
1 inch 1 inch 2 inches 2 inches 4 inches 4 inches 
Time. below below below below below below 
surface. surface. surface. surface. surface. surface. 
11 A. M 78° F 82°C (42 EK (oe 69° F 70; 5°F 
12M 81 86.5 Viet’ 81 lo Toso 
1 P:M 83 91 80 86 76.5 81 
2P.M 85 92 81.5 88 78.5 84 
3 P.M 86 91 82 88 80 86 
4 P.M 85 89 82 88 81 87 
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By comparing the above figures it will be seen that the dark colored 
soil ‘is much warmer than the other, the greatest difference being eight 
degrees for one inch below the surface and six degrees for two and four 
inches. This difference in temperature noticeably affects the germina- 
tion and growth of plants. The difference between times of germination 
on light and dark soils is a matter of common observation. In spring 
when corn begins to come up the rows may be seen sooner upon the low, 
black soil than upon the higher, lighter colored soils, provided the con- 
ditions of moisture are about the same for each. This is usually attrib- 
uted to the fact that the black soil is the richer, but the amount of plant 
food in the soil has very little to do with the growth of corn up to the 
time when it may be seen in rows. It will reach this stage in pure sand 
devoid of any plant food. Careful experiments which we have carried 
on under controlled conditions have clearly demonstrated that germina- 
tion is more rapid in dark soils than in light colored soils. 

That organic matter plays a more important part as a soil constituent 
than is generally supposed is evident. It is clearly apparent that many 
do not fully realize the value to the soil of maintaining the supply of 
this essential constituent. A “run down” farm in Illinois is frequently 
land that has been cropped till a large part of its organic matter has 
been destroyed, leaving the soil in a very poor physical condition. Some- 
times this is the only difficulty, although usually soils deficient in organic 
matter are also found to be poor in nitrogen and in phosphorus. The 
only remedy for the physical condition is to furnish the soil with the 
needed organic matter, thus bringing back the condition of good tilth 
that is absolutely necessary for properly carrying on the physical pro- 
cesses. It is a deplorable fact that large amounts of vegetation, such as 
straw and corn stalks, are burned every year upon land that is in sore 
need of organic matter. In the wheat region of the southern part of the 
state burning straw is quite common in some sections, and thus the land 
is deprived of a large amount of organic matter that could be turned 
back to the soil with considerable profit. In central Illinois corn stalks 
are considered a necessary evil, and the easiest way to get rid of them 
is thought to be the best; but we forget that when stalks are burned we 
are destroying one of the most valuable constituents of our soils. The 
only excuse that can be offered for burning stalks or stubble is to kill 
insects that are injurious to some of our crops. With this object in 
view, the burning of such materials may sometimes be justifiable. 

Farm manure furnishes only a limited amount of organic matter . 
when we consider the amount of land that needs it. One of the largest 
sources of this constituent should be the growing of green manures— 
rye, buckwheat, rape, and legumes, such as clovers, cowpeas, or soy 
beans. The clovers are especially useful, being biennial or perennial 
plants and nitrogen gatherers. The roots penetrate deeply into the 
subsoil, thus promoting aeration and percolation, besides bringing plant 
food to the surface and taking a supply of nitrogen from the air. 


APPENDIX. 
LINES OF Sort WorK. 


A thorough knowledge of soils can be obtained only by studying 
them along two lines, chemical and physical. The chemical study of 
soils has to do with the amount and availability of the different elements 
of fertility contained in them, the kinds and quantities of plant food 
required by different plants, and the methods of maintaining or increasing 
the supply of these plant food elements in the soil. The physical com- 
prises a study of physical or mechanical composition, of texture and its 
improvement, of moisture and its movement, of temperature and its 
control, of aeration, and of soil management. The physical side of soils 
ig included under Soil Physics. 


ORIGIN OF Sort MATERIAL. 


Soils are made up of small particles of different kinds of minerals 
mixed with more or less organic matter. These small mineral particles 
were originally formed by the breaking down of rocks through the agen- 
cies of weathering and decomposition. These include a variety of forces 
that do their work under different conditions but all produce the same 
ultimate effect, that of changing solid rock into fine material that may 
become the home of plants. 

One of the most common physical agents is that of temperature, 
which does its work in two ways: (1) by the freezing of water contained 
in rocks and (2) by changes in temperature producing an increase or 
decrease in volume. 

All rocks contain more or less water, and when this water freezes 
it expands and exerts enormous pressure—about one ton to the square 
inch. This would be sufficient to shatter most rocks if frozen when the 
pore space was completely filled. As it is, the expanding water or ice 
breaks many rocks into pieces, and weakens others so that repeated 
freezing is enabled to accomplish what a single freeze could not do. 
These small pieces are acted upon in the same way until ES are reduced 
to material that will form soil. 

It is common knowledge that a substance expands when heated and 
contracts when cooled. This change of temperature and consequent 
increase or decrease in volume takes place on the surface most readily, 
and the strain thus produced in rocks is sometimes sufficient to cause 
pieces to scale off, and even when this does not occur the rock is weakened 
so that other forces may do more effective work. 

When a sufficient amount of this fine material is formed for the growth 
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of plants, especially shrubs and trees, the roots penetrate the crevices 
in rocks and by their growth pry off fragments, which are broken down 
by other agencies. 

All rocks have more or less water passing through them, however 
slowly it may be. This water frequently dissolves out the more soluble 
material, which is often the substance that cements the crystals or par- 
ticles of the rock together. This leaves it very loosely cemented, and 
other agencies soon reduce it to sand or other smaller particles. Rocks 
are made up of a number of minerals such as quartz, mica, feldspar, 
calcite, etc. Water containing oxygen and some other substances may 
have the power of decomposing or changing these minerals into other 
minerals. These may be more bulky than the first and tend to rupture 
the rock, or they may be softer and will be acted upon more rapidly by 
atmospheric agencies. 

In some or all of these different ways rocks are broken down into 
particles of various sizes. These do not always remain where they are 
formed, but may be transported by wind or water and in their movement 
help to wear down solid rock or grind stones, gravel, or sand into still 
finer material. The wind aids in soil forming by driving the sand against 
hard surfaces, gradually wearing them away. The wind is also a distrib- 
uting agent for soil material, picking up the fine dust and carrying it 
for some distance. In this way soils have been formed over large areas 
and others have been modified over still larger areas. Even in our 
state it is believed that much of the soil known as loess has been largely 
if not entirely formed by the action of wind. 

Running water is also a very important agent in the formation and 
distribution of soil material. During heavy showers more or less water 
runs off the surface and coarse or fine particles are moved, depending 
upon the volume and velocity of the moving water. Even on com- 
paratively level areas some movement of soil material takes place, but 
it is in the ravines, gullies, and streams that the greatest amount of work 
is done by this agent. The volume and velocity of the water in many 
streams is sufficient to move all sizes of material, even to boulders weigh- 
ing tons, and the crushing and grinding that goes on during the move- 
ment of these boulders, gravel, and sand isenormous. The finely ground- 
up material as well as that washed in by streams is carried by the larger 
creeks and rivers and finally deposited, forming flood plains along their 
courses, or deltas at their mouths. 

Glaciers have also been exceedingly important agents in the formation 
and distribution of soil material. While they are usually confined to 
arctic or mountainous regions, yet in times past, glaciers in the form of 
moving ice sheets hundreds of feet thick came down from the north, ~ 
covering nearly all of the United States north of the Ohio and east of 
the Missouri Rivers, extending as far south as the Ozark Ridge in our 
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‘own state, and covering all the rest of Illinois except the northwest corner 
and possibly a small area in Calhoun county. As this ice sheet advanced 
from the north, it picked up, pushed and carried along with it rocks of 
all sizes, shapes, and kinds. These, ground and crushed against each 
other and upon the surface over which they passed, formed immense 
amounts of fine material, which, together with the sand, gravel, and 
stones, was deposited when the ice melted. If the front edge of the ice 
sheet melted as rapidly as the glacier advanced the material was de- 
posited as a ridge where the edge melted, and after the glacier had dis- 
appeared this ridge marked the terminus or limit of the glacier. ‘These 
ridges or moraines, are familiar objects in our state. The soil material 
formed by glaciers is a mixture from all kinds of rocks. It furnishes 
some of our best soils. 

By means of the agencies briefly referred to above, the land has been 
covered with a layer of material of varying thickness but extending 
to bedrock, the upper part of which we designate as soil. In some places 
this layer is hundreds of feet thick, while in others the solid rock is still 
exposed. In such places either sufficient time has not elapsed for the 
agencies to form.a soil since the present conditions came about, or the 
soil material has been removed by wind and water. 


THE STRATA OF THE SOILS. 


Most soils have two natural divisions as to depth, the top soil and 
the subsoil. 

The top soil varies in depth with the soil type, usually being from six 
inches to twenty inches deep. It is frequently a little coarser in physical 
composition than the subsoil, because the finest particles are carried away 
by running water, and, furthermore, as water percolates downward 
through this soil, these finer particles have a tendency to move down 
with it, and some fine material is thus carried down into the subsoil. 
The color of the top soil varies with the type, but depends largely upon 
the amount of organic matter or iron or both. The organic matter is 
the more common, and gives to soils a black or brown color. Iron com- 
pounds usually give a reddish brown color very much like iron-rust. 

The top soil is very properly divided into the surface soil and the 
subsurface soil, as indicated in the diagram: 


( Extending to the plow line or about 
| pUniar 7 inches. 
Siate Top Soil < ' ( Extending from the plow line to the 
re) | Saheurtace y subsoil line usually indicated by 
Soils. change in color, texture, and 


| 
| [ physical composition. 
| 


Shannt Extending from the subsoil line to unknown depths, 
_ but usually sampled to a depth of 40 inches. 
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The surface soil extends as deep as the ground is plowed, which is 
usually not more than seven inches. © This is the soil that the farmer 
knows most about, and it is this that he can and does change in com- 
position most readily by adding vegetable material, manures, and fer- 
tilizers. This is the part that requires most careful management, as it 
is the most important part of the soil in development of plant food, in 
germination of seeds, and in growth of crops, since it is largely concerned 
in absorption and retention of moisture, aeration, and temperature. It 
is commonly the darker part of the soil, because of its larger organic 
matter content. 

The subsurface soil lies between the surface soil and the subsoil, or 
between the plow line and the subsoil line, where the change of physical 
composition, texture, or color indicates the beginning of the subsoil. 
This change varies in depth with the soil type, but in most Illinois soils 
it is from 16 to 18 inches from the surface of the ground, thus 
making the subsurface layer about 9 to 11 inches thick. In physical 
composition it differs but little from the surface soil except that it con- 
tains somewhat less organic matter, this constituent diminishing with 
depth. The color of the subsurface soil is often very similar to that of 
the surface. It varies with the type, but depends primarily upon the 
amount of organic matter and iron present. There are some places 
where the top soil is only 6 or 8 inches déep, and rests directly upon the 
subsoil. In such cases there is no subsurface stratum, as the plow line 
and subsoil line coincide. 

The subsoil extends usually from 18 or 20 inches to unknown depths. 
It is commonly sampled for analysis to a depth of 40 inches, or one meter. 
The color is usually yellow, and the subsoil is frequently spoken of as 
“clay,” although it commonly contains much more silt than clay. The 
physical composition of the subsoil is frequently different from the top 
soil in that it contains more of the finer soil particles that have been 
carried downwards from the soil above by percolating water. It gener- 
ally contains only a small amount of organic matter. The character of 
‘the subsoil is of very great importance, for upon that, to a large degree, 
depends the drought-resisting power of the soil. If the subsoil is coarse 
sand or gravel the water will pass through it and cannot be drawn back 
by capillarity and so is lost to the crop, which will suffer from drought 
in consequence. If, however, the subsoil is silty or clayey, a large amount 
of water will be retained in it and much of what passes to lower depths 
will be brought up within reach of the roots by capillarity. Subsoils 
sometimes contain a layer of impervious material such as compact clay, 
carbonate of lime, or oxide of iron, which is commonly called hardpan. 
This is very objectionable if within three feet of the surface, since it 
prevents the upward and downward movement of water and the deep 
penetration of plant roots. The crops on level hardpan land suffer from 
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much rain because the water cannot get down through this to drain 
away, and they suffer from drought because the water below this layer © 
eannot be brought up through it by capillarity. A semi-impervious 
hardpan is quite common in the southern part of this state, north of 
the Ozark Ridge. ‘This hardpan is compact silty clay containing iron. 
It can probably be greatly improved by tile drainage and a liberal use 
of deep-rooting crops, such as red clover. 


CONSTITUENTS OF SOILS. 


( Clay Oseeuc ths «tien .001 mm.* and less. 
| Pail Gorton, cen ae ae .001 mm. to .03 mm. 
Inorganic } SAN ete, ae er eee .03 mm. to 1 mm. 
Soil J Matter Gravel aire yee es. 1 mm. to 32 mm. 
Constituents. \ DHONLERSI a cess ae ee 32 mm. and over. 
| Organic Comprising undecomposed and partially decom- 
| Matter posed vegetable material. 


*25 millimeters equal 1 inch. 


INORGANIC MATTER. 


The constituents of soils include two general classes, (1) inorganic and 
(2) organic. The inorganic form the basis of soils and are named not 
with reference to chemical composition, but according to the size of the 
individual particles. These comprise the following five classes of ma- 
terial: (1) clay, (2) silt, (8) sand, (4) gravel, and (5) stones. (See 
diagram.) These, as explained above, are the product of broken-down 
rocks. 

(1.) Clay—The smallest particles found in soils, those less than .001 
millimeter, or 1-25000 of an inch in diameter, go under the name of 
clay. These extremely small particles are chiefly kaolin, the hydrated 
silicate of aluminum formed largely from the weathering and altera- 
tion of feldspars. Clay possesses certain properties that are character- 
istic, as shrinkage upon drying, plasticity, puddling, and granulation. 

Shrinkage of soils containing considerable clay is well shown in cer- 
tain low or flat lands. During dry weather cracks form in the ground’ 
a foot or two in depth and sometimes even an inch or more in width at 
the top. The presence of organic matter is responsible for part of the 
shrinkage. By the formation of these cracks the roots of plants are 
broken and avenues opened for greater evaporation. As these cracks 
are caused by the drying out of the soil, the maintenance of a good 
mulch will prevent excessive cracking. The amount of shrinkage of 
clay and clay mixed with different proportions of sand has been deter- 
mined by experiment. Bricks were made from moistened soil and 
measured before and after drying. 

Table 3 gives the results of this experiment. 
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TABLE 3.—SHOWING SHRINKAGE OF CLAY AND CLAY WITH SAND. 


Percent of Amount of shrinkage 

shrinkage, in a linear foot. 
RPL Mn ER ES ally Rec 5 55 loo las 13.8 1.65 inches 
Clay soil with 10% sand .......... 13.4: 1.60 inches 
Clay soil with 20% sand .......... 12,1 1.45 inches 
Clay soil with 50% sand .......... 9.2 1.10 inches 


One of the first steps in the manufacture of any wares from clay is 
the thorough working or kneading of the clay so as to break down any 
granules that exist into thcir ultimate particles. This is called puddling 
theclay. This will enable the clay worker to make fine-grained, close-tex- 
tured wares, impervious to air and water. Puddling clay soils is just 
the thing that should be avoided in the management of soils of this class. 
Plowing or working when too wet is likely to destroy the granules and 
thus puddle the soil. It is then impervious to water and will bake very 
hard when it becomes dry and thus become unfavorable to the growth 
of crops. It is difficult to restore the granular condition, but this may 
be developed by the action of frost although it may require several years 
to completely restore it. 

Clay is plastic; that is, it can be molded into different shapes and 
pressed into thin leaves and will retain these shapes when dried. Its 
plasticity depends upon its tenacity. This tenacity renders it much 
more difficult to plow than sandy soils. The particles tend to hang 
together and were it not for the property of granulation (see page 3), 
it would be almost impossible to cultivate such soils. Although clay 
soils when dry are-the lightest with the exception of the peaty soils, 
when equal volumes are compared, yet they are called “heavy” soils 
from the difficulty in working them. (See weight of soils p. 21.) 

'’- Clay never forms the entire soil as there is always more or less silt and 
even fine sand mixed with it, that was deposited by the same agency 
that formed the soil. When well drained, a clay soil is usually one of 
our best although it will not dry out so quickly after a rain or warm 
up so rapidly in spring as a sandy one. It retains moisture well, so well 
in fact that it is apt to be considered a cold, wet soil; but it can only be 
so called when not well drained. Although not so common as silt soils, 
yet clay loams and clay soils are frequently found in the bottom lands 
of the larger streams of the state and in the low, poorly drained areas 
of the Upper and Middle Hlinoisan and Wisconsin Glaciations (see Circu- 
lar 64). These soils may readily be distinguished by their plasticity, 
their tenacity or stickiness when wet, and their “gumbo” character. 
In many localities the word “gumbo” is applied tothem. They possess 
one very important property—that of granulation. 

(2.) Silt—The grade of particles next coarser than clay is called 
silt and this is perhaps the most abundant soil constituent.. It very 
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frequently goes under the name of clay, especially when lacking in organic 
matter. The particles are very small, ranging from .001 to .03 milli- 
meter, or from 1-25000 to 3-2500 of an inch in diameter. Pure silt is 
not sticky or plastic like clay (but the individual particles are too small 
to be seen with the naked eye or to be distinguised by feeling with the 
fingers). Silt forms a very large part of the sediment of muddy streams. 
Silty soils are very common and it is probably true that at least two- 
thirds of the soils of the state are silty soils or soils in which the larger 
part of the constituents is silt, although there is always more or less 
clay and sand present. From the nature of the origin of soil material 
the. constituents would necessarily be mixed to a certain extent, but 
wind and water acting upon these, later, would sort them in favorable 
localities so that almost pure clay, silt, or sand soils would be formed. 
The brown, rolling prairie soils of central and northern Illinois and 
the gray soil of southern Illinois are good examples of silty soils. These 
soils require a little more care in management than light or sandy soils. 
The particles are small and tend to form compact soils which are 
“heavier” to work than sandy ones. In silty soils there is a tendency 
for the particles to run together and bake after heavy rains, especially 
if deficient in organic. matter. When in good tilth they are easy to 
cultivate, retain moisture well, are easily drained, and form some of the 
world’s most productive soils. 

(3.) Sand—Sand is very properly divided into coarse, medium, and 
fine, the size ranging from .03 millimeter or about 1-750 of an inch to 
1 millimeter or 1-25 inch. The individual grains even of fine sand can 
be distinguished by most people with the naked eye or by rubbing be- 
tween the fingers. Sand may be composed of several minerals, chief 
among which are quartz, feldspar, mica, and iron oxides. Quartz is by 
far the most common, probably forming more than nine-tenths of the 
sand of our soils. Sand alone does not usually contain an abundance of 
plant food because of the leaching effect of water, but the soil is so po- 
rous that roots will reach out much farther than in more compact soils. 
When liberal applications of farm manure are made good crops of corn 
or vegetables may be grown. If considerable amounts of the finer soil 
constituents are mixed with the sand, together with organic matter, an 
excellent soil results. The sand present in such a soil destroys to a large 
extent the tenacity or tendency to stick together, which the finer con- 
stituents possess. Those who work such soils recognize the fact that 
they work more easily than those made up of silt and clay, and hence 
the term “light” soil is applied to them. These soils are usually heavy 
when we take weight into account. It we take a cubic foot of sand soil 
when dry and compare its weight with the same bulk of a dry silt or clay 
soil, it will be found that the sandy soil actually weighs more than the 
other. The following table will show the differences in weight. Three 
hundred cubic centimeters of each were used without compacting. 
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TaBLE 4.—SHOWING CoMPARATIVE WEIGHT OF SoILs CONTAINING DIFFERENT 
AMOUNTS OF SAND. , 


Soil. Approximate amount oy as 
of sand in soil, %. Weight in grams. 
SHC h ue een ete Pree aS. Sane 100 500 
SSOP ELV CR ATIC get get oS ka ales Se esale 86 476 
BML VAGUE de OF chad Si sae Senay)  E 75 426 
Wy. tye Bit, RN opel A 55 402 
RUETIOA ree. 8 a Spsvelw the os wetie bo, 3 40 362 
GENS SE GSS at rail Pentre ae 10 325 


Sandy soils warm up early in the spring making them very desirable 
for early truck crops, as in market gardening. Evaporation fromthe 
surface of a soil tends to keep it cool. In sandy soils the water passes 
down and is carried away by drainage, comparatively small amounts 
being lost by evaporation. The sun’s heat that is required to evaporate 
the moisture from a finer grained soil is used in sandy soils for raising 
the temperature. Differences of from one to two wecks in maturity of 
crops frequently are noticeable between a very sandy soil and a clay or 
silt soil. 

(4.) Gravel—This includes particles from 1 millimeter or 1-25 of 
an inch to 32 millimeters or about 14 inches in diameter. Gravel when 
alone is worthless as a soil because of the fact that water passes through it 
very readily, leaching out the plant food and leaving the soil destitute, 
or at least very deficient in both nourishment and moisture. When the 
finer constituents are present, some gravel makes the soil more porous 
and consequently more easily drained, aerated, and worked; and it is 
not a very undesirable constituent unless too coarse, and present in too 
large quantities. - 

(5.) Stones—When the rocks are broken down, many of the more 
resisting fragments remain, and when these are more than 32 milli- 
meters (1+ inches) in diameter, the term stone is applied to them. 
There is only a small amount of stony soil in the state and while it is 
inferior in some respects, yet it is not worthless. Its value, however, 
depends upon the amount of the other constituents present, the slope of 
the surface, and the size of the stones. Even a large number of stones 
does not necessarily render the soil worthless, especially if there is con- 
siderable fine sand, silt, or clay to give it rétentive power for plant food 
and moisture. 
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CIRCULAR NO. 83. 


THE SWINE INDUSTRY FROM THE 
MARKET STANDPOINT. — 


By WiuutAM DIETRIcH, ASSISTANT IN SWINE HusBANDRY. 
INTRODUCTION. 


The producer of swine very often, on account of his lack of knowledge 
of market conditions, does not realize the maximum value for his pro- 
duct. In view of.this, an attempt is made to bring before the people a 
few market considerations which will help the farmer to a better realiza- 
tion of market conditions, and thereby put him in position more intelli- 
gently to produce and market his annual hog crop. 


MARKET. 

1. ‘A hog market is a place where hogs are regularly bought and 
sold.” | ‘ 

2. By “market” is also meant “The state of trade as determined 
by prices, supply, and demand.” If conditions are such that there is a 
good demand for hogs, there is an ‘‘active” or ‘‘good market.” If the 
conditions are reversed, so that there is a poor demand for hogs, there is 
a ‘‘dull” or ‘‘poor market.’’ These meanings of the terms ‘‘good mar- 
ket” and ‘‘poor market’ must not be confused with ‘‘high market” 
and ‘‘low market.” It is possible to have a ‘‘poor high market” and a 
‘‘oood low market,” and vice versa; e. g., hogs may be selling for $7.00 
per ewt. and there may be a poor demand for hogs at this price and the 
supply on hand may be great. This would force down the price. In sucha 
case we would have a ‘‘poor market” from the market standpoint, but at 
the same time it would be a ‘‘high market” or ‘“‘good market’ from the 
farmers’ standpoint. The reverse may be true when hogs are selling at 
$3.00 per cwt. Thus it is seen that the terms ‘‘good market” and ‘‘poor 
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market” may have opposite meanings when considered from the market 
standpoint and from the farmers’ standpoint. _ 

The demand for pork by people who do not produce it is the principal 
factor that goes to make a hog market. This, however, is not constant, 
for the ability of the consumer to buy meat must not be forgotten. Meat 
is the most expensive part of the bill of fare, consequently it will suffer 
most during a period of financial depression. ‘That is, there will at such 
times be less demand for pork, consequently for hogs. During a period 
of prosperity the reverse is true, and pork is in greater demand. As an 
illustration of the effect this fluctuation in the demand for pork has on 
the number of hogs in the United States, there may be cited the following: 

In 1892 there were in the United States 52,000,000 hogs, in 1899, 
38,000,000, and in 1901, 57,000,000. The decrease of 14,000,000 hogs 
from 1892 to 1899 must be attributed to the financial depression which 
was responsible for a smaller demand for pork and for hogs, forcing the 
price down to where hogs could not be produced at a profit, consequently 
fewer were produced. This was augmented by the comparatively large 
number of hogs in the country in 1892. From 1899 to 1901 the number 
increased from 38,000,000 to 57,000,000. Here the increase of 19,000,000 
hogs must be attributed to the increase in price, which, in turn was caused 
by the prosperity of the country enabling the people to buy more meat. 
This was hastened by the small number of hogs in the country at the 
close of the period of ‘‘hard times.” 


In connection herewith it might be well to notice that high price of 
hogs and large numbers of hogs do not always go hand in hand. In 1901 
there were in the United States 57,000,000 hogs, and in 1903 only 
47,000,000. Here there was a decrease of 10,000,000 hogs, while at the 
same time the price went up from $6.00 per cwt. in 1901 to $7.78 per 
cwt. in 1903. A possible explanation for this may be that in 1901 the 
hog-raising industry had been developed to its utmost capacity. ‘The 
price for hve hogs at this time was very high-—so high, in fact, that a 
great many of the brood sows were sold by the farmers, who feared that 
the price might drop to an unprofitable basis before another crop of pigs 
could be matured. Moreover, hogs were constantly being sold at a younger 
age and during this period of high prices farmers sold out their stock as 
closely as possible. Then again, the price of corn was high, and high- 
priced corn and a small number of hogs usually go together. 


In the swine-growing industry high prices stimulate production up 
to the point where prices are very high and the probability of a lower 
market seems evident. After this they retard production, as the farmer 
will sell his surplus stock and a large number of his brood sows as well, 
causing a large decrease in the hog stock of the country. The market 
may be kept at a high level either by normal or abnormal conditions while 
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the number of hogs is decreasing. Such were the conditions during the 
latter part of the period from 1901 to 1908. 

The supply of hogs is further regulated to a slight extent by the prev- 
alence of disease. When hogs are healthy and thriving, the number in- 
creases, but when disease is prevalent the number decreases. Then again, 
hogs are so prolific, and a person can start with so little capital, that this 
line of animal industry is subject to much shifting. Large numbers of 
people go into the business of growing hogs, forcing the price down and 
then going out, thus causing the price to go up. 

The demands on a great central market like Chicago for hogs and 
for hog products vary greatly with the different places from which the 
demands come, e. g., Cambridge and Boston demand a hog weighing from 
220 to 280 pounds, and use it principally for cured meats. Baltimore 
and Pittsburg use a hog weighing about 200 pounds, and New York uses 
one that weighs from 130 to 180 pounds. These are used principally for 
the fresh-meat trade. Detroit uses mixed hogs weighing from 170 to 250 
pounds for both fresh and cured meats. Buffalo has developed a demand 
for pigs that weigh from 50 to 130 pounds. ‘These different places get 
into the habit of using cuts of meats of certain sizes and thus create a 
demand for hogs of the different weights. Since hogs are shipped to all 
these eastern places from the West, and since the demands of these various 
places are so different, they can all be supplied. ‘This very fact helps to 
establish a great market such as’ Chicago, where hogs of all descriptions 
can readily be bought and sold. Besides this, there is also a foreign de- 
mand, which varies with different places, as, e. g., ‘‘bacon” for London 
made from light, lean hogs, and ‘‘clear backs” for French trade, made 
from prime heavy fat hogs. 

Pork packing in smaller towns by local slaughterers is carried on 
much more extensively than the slaughter of cattle in similar institutions. 
This can easily be done, because a hog-killing establishment can be con- 
structed at a comparatively small cost, and the by-products in this busi- 
ness are not so valuable as is the case with cattle. What the local packer 
loses in waste of offal he more than regains in the saving of freight. He 
can buy his hogs locally and sell the meat locally. Besides the large and 
small packing houses, there are establishments of all sizes, according to 
their location and other conditions, such as shipping and selling facilities. 


LOCATION OF PRINCIPAL MARKETS. 


Markets naturally are located in places that are best suited for the 
purpose—places where the largest number of hogs can be bought at the 
lowest prices, and where the means of distributing the output of the pack- 
ing houses are the best. The two factors are not of equal weight. ‘The 
dressed carcass can be transported with less expense than can the live 
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animal; therefore the principal markets are located in proximity to the 
country where most hogs are produced. This is in the corn belt. The 
following are the principal hog-raising states, with the round number of 
hogs produced annually: Iowa, 7,000,000; Illinois, 4,000,000; Missouri, 
3,000,000; Indiana, 3,000,000; Nebraska, 3,000,000: Ohio, 3,000,000; 
Texas, 2,000,000; Wisconsin, 2,000,000, and Kansas, 2,000,000. 

The principal hog markets in the United States, with the approxi- 
mate number of hogs slaughtered annually, are as follows: Chicago, 
7,000,000; Kansas City, 4,000,000; Omaha, 2,000,000; St. Joseph, 2,000, - 
000; St. Louis, 2,000,000; Indianapolis, 1,000,000; Buffalo, 1,000,000; 
Sioux City, 1,000,000; and Cleveland, 500,000. New York takes about 
500,000, and Boston 1,500,000 annually, but these can hardly be consid- 
ered markets from the farmers’ standpoint, as this supply is principally 
bought in other markets and shipped to these places. This takes some 
of the hogs shipped from the western markets of the United States. In 
the above figures, only the hogs that are slaughtered are taken into con- 
sideration, not those that are shipped out alive. Chicago annually ships 
out one million live hogs, making the total handled at that place annually 
about eight million. 

INFLUENCE OF RETAILER ON MARKET. 


The influence of the pork retailer on the hog market is indirect, but 
nevertheless is of considerable magnitude. He has more of a uniform 
price on his article from week to week and from month to month than is 
found on the live hog. He has his retail price based on a certain stand- 
ard price for live hogs, and will not change this with small fluctuations in 
the price of hogs when between given limits. When the price of hogs 
goes above this limit he immediately raises the price of pork, and it is 
logical and necessary that he should do so. But when the market price 
for hogs has reached the upper limit.and begins to recede, the retailer is 
slow to follow this by a reduction in the price of pork. This is the time 
when he can apparently make up for the inevitable losses with least ap- 
pearence of intruding upon the rights of the consumer. But by holding 
the price of meats at a high level the consumer is forced to purchase a 
smaller quantity, thus lessening consumption. This affects the hog 
market very materially by reducing the price of live hogs; while at the 
same time it does not permit the retailer to fill his coffers materially- 
more than he otherwise would, for the higher the price of pork, the less 
is the consumption, and the lower the price of pork, the more is the con- 
sumption. He would make just as much profit on a large volume of 
business with a small margin as on a small volume of business with a 
large margin; besides, his large business would be of exceedingly great 
benefit to the hog grower, because the greater demand for meats would 
check the downward tendency in the prices of hogs and bring them to 
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a standstill at a higher level. It is clear, then, that if the retailer would 
follow the market on a decline as promptly as he does on a rise, he 
would not be damaging himself and would be of great benefit to the hog 
grower. 

CHANGES OF MARKET DEMAND WITH SEASON. 

‘The relative demand for light and heavy hogs in great central mar- 
kets like Chicago varies with different seasons of the year. Generally 
speaking, heavy hogs are at a premium in winter, when light hogs are 
most numerous, and in the summer, when heavy hogs are plentiful, light 
hogs are in greater demand. | 

It would seem at first thought that the market always demands what 
the producer cannot supply. But there is a reason for this apparent dis- 
crepancy between relative supply and demand of light and heavy hogs. 
The demands of the markets in general are more constant than would at 
first thought appear to the casual observer. The fluctuation in price from 
heavy to light and from light to heavy hogs is caused, to a great extent, 
by the supply of hogs on the market. ‘The reason that light hogs are in 
less demand in winter at the great central markets is that at this season 
of the year many of the outlets for pork from this class of hogs are closed 
on account of home production. A great deal of this goes to Europe, the 
South, the Hast, and back to the farmers in the country. During the 
winter months much of this supply is furnished by home product. That 
is, Kurope, the Hast, and the South raise some hogs of their own, and 
these are usually slaughtered in the fall or early winter and consumed 
‘during the winter. The farmer who supplies the hogs for the great 
markets will very often slaughter the animals for home consumption in 
winter, but in summer he has neither the time to do this work, nor 
has he the necessary appliances for curing and preserving his meat, 
consequently he can purchase it on the market with greater economy. 
Thus it can easily be seen that from all these sources there is a greater 
demand at the markets for pork from lhght hogs during the summer 
than during the winter months. On the other hand, heavy hogs are 
in greater demand during the winter, because this is the packing season. 
That is, it is the season when such meats as mess pork, short cut 
mess pork, dry salt sides, rough sides, short clear sides, short rib 
sides, bellies, and clear bellies are prepared—such as can be stored 
for a considerable length of time without spoiling. Considering these 
conditions, it is evident that there should be a greater demand for heavy . 
hogs in winter and for hight hogs in summer. Owing to the inability of 
the country to supply at the proper season just what the market de- 
mands, there must necessarily be considerable fluctuation in prices, and 
also in weight for the various classes, e. g., if heavy hogs are wanted and 
light hogs are furnished, the latter will naturally sell at a discount, 
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and the line of limitation in weight will be shifted downward so as to 
allow some of the heavier hogs of the light-hog class to sell in the heavy- 
hog class. ‘The reverse is also true. 


SUPPLY OF Hocs on A MARKET. 


The supply of the different kinds of hogs on a market changes with 
the season. Most pigs are farrowed in the spring. By the time winter 
sets in many of them are ready to go to market in a finished condition | 
and many more are sent in an unfinished condition for various reasons, 
such as lack of feed, lack of room, lack of thriftiness, and the need of 
_ money to meet pressing obligations. The result is that light hogs and 
pigs are forced upon the market in undue proportion during the fall and 
winter. How is it with the heavy hog? Pigs that were farrowed in the 
spring have not a3 yet had time to develop into heavy hogs, and fall pigs 
of the previous year which have not already been sold are not numerous 
enough to fill this gap. This causes a scarcity of heavy hogs in the late 
fall and eariy winter. In summer the conditions are reversed, giving 
more heavy hogs and fewer light hogs. ‘The hog that is sent to market 
in the summer usually is one that was farrowed in the spring or in the 
fall of the preceding year and has developed into a heavy hog. Light 
hogs are scarce at this time because most of the pigs are farrowed in the 
spring. These factors usually work together to make a narrow range in 
prices between heavy and light hogs during the summer months and a 
wider range during the winter months. 

This variation in the supply of hogs from the normal demand also 
has a tendency to lower prices. If the hogs on the market of a certain 
class are not sufficient to supply the demand for that class of hogs, this 
demand must necessarily be filled by hogs of another class. These will 
not command the price that they would if they were sold within their own 
class, provided the different classes sell on the same level, nor will they 
bring as much as the hogs whose places they are to take would sell for. 
It lowers the price because the supply of hogs furnished is of a different 
character than is demanded by the trade. This has a depressing influ- 
ence on the market, and the total receipts for hogs sold partly outside 
their classes are less than they would be if sold entirely within their classes. 


SELLING Hoas oN MARKET. 


Hogs are usually sold on the open market by commission men. Any 
person can sell his own stock at the yards, but not being so well acquainted 
with the market, the yards, and the buyers, he cannot work to the same 
advantage as can a commission man. 

When hogs are shipped, they are as a rule consigned to. some com- 
mission firm. As soon as the stock is loaded at the shipping point, it is 
taken in charge by the railroad company, who forward a report to the 
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point of destination, thus informing the market center approximately as 
to the number of cars to expect the following day. When a car of hogs 
arrives at the yards in Chicago, it is taken in charge by the Union Stock 
Yards and Transit Company, which unloads the car, counting out the 
animals, making note of the dead and crippled ones, provided there are 
any, and delivering the stock to the commission firm to which it is con- 
signed. After feeding and watering, the stock is sold to the highest bid- 
der, not by auction, but by private sale. Each commission firm has its 
own section in the yards, which is conceded to it by common consent, the 
firm paying nothing for the privilege of doing business at the yards. The 
Yards Company charges eight cents per head yardage and seventy-five 
cents per bushel for corn fed to the hogs, which must be paid by the con- 
signor of the stock. ‘This, together with the terminal switching charge, 
_ pays for the use of the yards. ‘The commission firm charges $6.00 per 
car, or in smaller lots up to thirty head, ten cents per head for selling 
the animals. This charge as well as the freight, must also be paid by the 
consignor. Before the hogs go over the scales they pass under the eye 
of a government inspector, for which ten cents per car is charged. As 
soon as the hogs have passed over the scales, they go into the hands of 
the packer, the shipper, or the speculator. If to the packer, they go to 
the slaughter house, if to the shipper, they are reloaded and shipped, 
usually to the East; and if to the speculator, they simply go to another 
part of the yards, to be sorted and resold. 


HANDLING AND SHIPPING Hogs. 

To discuss the topic fully would take us too far from the market side 
of this subject, but there are a few distinctly market features to it that 
will bear discussion from that point of view. ‘To sell to the best advan- 
tage, either in carload lots on the open market or in small droves to the 
country shipper, or to the local packer, hogs should be made to appear 
as well as possible. They should be well bred, so as to be of good form 
and all of the same color. They should be of the same size, consequently 
should have been farrowed as nearly as possible at the same time, and 
should show as much thrift, quality, and finish as possible. It is a well- 
known fact that shippers as well as killers make the smallest margin of 
profit on the best grade of stock handled. There is more difference be- 
tween the best and medium grades of swine, as well as of other stock, on 
foot than there is between the carcasses of the same animals. <A few 
white hogs in a drove may by their presence detract as much from the 
value of the drove as they individually are worth. In a drove of mixed 
colors, differences in size are much more apparent than in a drove of one 
color. If there is a small white hog in a drove of black hogs, he will 
surely be noticed, but if there is a small black one in the same drove he 
may be overlooked. : 
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Hogs should be shipped so as to reach the market in the morning in 
time to be watered and fed before the best part of the market is over. 
This varies with prevailing conditions, but is between 7:00 and 11:00 a.m. 
In order to have them at their best on the market, hogs should not be 
over-fed, and should not have laxative feed nor salt before shipping. 
Neither should they have too much water. It is better to give them 
a moderate ration of dry feed before shipping, and give them some 
ear corn in the car. The car should be well bedded with wheat or 
rye straw in winter. and should be bedded with sand in summer. Wheat 
and rye straw are better than oat straw for bedding in a car in which hogs 
are to be shipped, as the hogs will not perspire so much, causing them to 
become wet and steaming, which detracts much from their appearance. 
Sand in summer is cooler than straw. When arriving at market the hogs 
should be dry, lively, and not too gaunt. 


SUMMARY. 


1. The terms ‘“‘good market” and ‘‘poor market’? may have opposite 
meanings when used from the buyer’s and from the producer’s standpoint. 

2. The fluctuation in the number of hogs in the United States is 
subject largely to the fluctuations in the financial condition of the country. 

3. A high market price for hogs stimulates production up to the 
point where prices are very high and the probability of a lower market 
seems evident, then it retards production. 

4, The demand for pork and for live hogs from different places 
varies between the widest extremes within the limits of the market classi- 
fication, and this helps to establish a great central market for all classes 
and grades of swine. 

5. Such a market is located where large numbers of hogs are pro- 
duced, where transportation facilities are good, and where the business 
can be carried on cheaply and economically. 

6. Chicago is the leading hog market of the world. 

7. The retailer of meats has considerable influence on the hog 
market. By holding the retail prices of pork at a high level when the 
hog market is on the downward trend, he prevents increase in consumption, 
which, instead of checking, accelerates the downward tendency of the hog 
market. 3 

8. The relative demand for light and heavy hogs changes with the 
season, heavy hogs being in greater demand in the winter and light hogs 
in the summer months. 

9. Owing to the time required to develop a hog, and to the fact 
that most pigs are farrowed in the spring, the supply of hogs is not in 
harmony with the demand. Light hogs are the most plentiful in the fall 
and winter, and heavy hogs during the summer. This is contrary to the 
demand, and has a depressing influence on the market. 
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